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Preface

Thisreport presentsinternational energy projections through 2025,
prepared by the Energy I nformation Administration, including outlooks
for major energy fuels and issues related to electricity and the environment.

The International Energy Outlook 2003 (IEO2003) presents
an assessment by the Energy Information Administra-
tion (EIA) of the outlook for international energy mar-
kets through 2025. U.S. projections appearing in
IEO2003 are consistent with those published in EIA’s
Annual Energy Outlook 2003 (AEO2003), which was pre-
pared using the National Energy Modeling System
(NEMS). IEO2003 is provided as a service to energy
managers and analysts, both in government and in the
private sector. The projections are used by international
agencies, Federal and State governments, trade associa-
tions, and other planners and decisionmakers. They are
published pursuant to the Department of Energy
Organization Act of 1977 (Public Law 95-91), Section
205(c). The IEO2003 projections are based on U.S. and
foreign government policies in effect on October 1, 2002.

Projections in IEO2003 are displayed according to six
basic country groupings (Figure 1). The industrialized
region includes projections for nine individual coun-
tries—the United States, Canada, Mexico, Japan, France,
Germany, Italy, the Netherlands, and the United King-
dom—plus the subgroups Other Europe and Australia/
New Zealand. The developing countries are represented
by four separate regional subgroups: developing Asia,
Africa, Middle East, and Central and South America.
China, India, and South Korea are represented in devel-
oping Asia; Brazil is represented in Central and South
America; and Turkey is represented in the Middle East.
The nations of Eastern Europe and the former Soviet
Union (EE/FSU) are considered as a separate country

grouping.

The report begins with a review of world trends in
energy demand. The historical time frame begins with
data from 1970 and extends to 2001, providing readers
with a 31-year historical view of energy demand. In
IEO2003, for the first time, the IEO projections extend to
2025, giving readers a 24-year forecast period.

High economic growth and low economic growth
cases were developed to depict a set of alternative
growth paths for the energy forecast. The two cases
consider alternative growth paths for regional gross
domestic product (GDP). The resulting projections and
the uncertainty associated with making international
energy projections in general are discussed in the
first chapter of the report. The status of environmental

indicators, including global carbon emissions, is
reviewed. Comparisons of the IEO2003 projections with
other available international energy forecasts are
included in the first chapter, as well as comparisons of
historical data with projections published in earlier
IEOs.

The next part of the report is organized by energy
source. Regional consumption projections for oil, natu-
ral gas, coal, nuclear power, and renewable energy
(hydroelectricity, geothermal, wind, solar, and other
renewables) are presented in the five fuel chapters,
along with a review of the current status of each fuel on a
worldwide basis. A chapter on energy consumed by
electricity producers follows. The report ends with a dis-
cussion of energy and environmental issues, with partic-
ular attention to the outlook for global carbon emissions.

Appendix A contains summary tables of the IEO2003
reference case projections for world energy consump-
tion, gross domestic product (GDP), energy consump-
tion by fuel, electricity consumption, carbon emissions,
nuclear generating capacity, energy consumption mea-
sured in oil-equivalent units, and regional population
growth. The reference case projections of total foreign
energy consumption and consumption of oil, natural
gas, coal, and renewable energy were prepared using
EIA’s System for the Analysis of Global Energy Markets
(SAGE), as were projections of net electricity consump-
tion, energy consumed by fuel for the purpose of elec-
tricity generation, and carbon emissions. In addition, the
National Energy Modeling System’s (NEMS) Coal
Export Submodule (CES) was used to derive flows in
international coal trade, presented in the coal chapter.
Nuclear capacity projections for the reference case were
based on analysts’ knowledge of the nuclear programs
in different countries.

Appendixes B and C present projections for the high and
low economic growth cases, respectively. Appendix D
contains summary tables of projections for world oil
production capacity and oil production in the reference
case and two alternative cases: high oil price and low oil
price. The projections were derived from SAGE and
from the U.S. Geological Survey. Appendix E contains
summary tables of projections for nuclear capacity in
three nuclear growth cases. Appendix F describes the
SAGE model.
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The six basic country groupings used in this report
(Figure 1) are defined as follows:

elndustrialized Countries (the industrialized
countries contain 15 percent of the 2003 world
population): Australia, Austria, Belgium, Canada,
Denmark, Finland, France, Germany, Greece,
Iceland, Ireland, Italy, Japan, Luxembourg, Mexico,
the Netherlands, New Zealand, Norway, Portugal,
Spain, Sweden, Switzerland, the United Kingdom,
and the United States.

eEastern Europe and the Former Soviet Union
(EE/FSUV) (6 percent of the 2003 world population):

- Eastern Europe: Albania, Bosnia and Herzegovina,
Bulgaria, Croatia, Czech Republic, Hungary,
Macedonia, Poland, Romania, Slovakia, Slovenia,
and Yugoslavia.

- Former Soviet Union: Armenia, Azerbaijan,
Belarus, Estonia, Georgia, Kazakhstan, Kyrgyzstan,
Latvia, Lithuania, Moldova, Russia, Tajikistan,
Turkmenistan, Ukraine, and Uzbekistan.

<Developing Asia (54 percent of the 2003 world
population): Afghanistan, Bangladesh, Bhutan,
Brunei, Cambodia (Kampuchea), China, Fiji, French
Polynesia, Guam, Hong Kong, India, Indonesia,
Kiribati, Laos, Malaysia, Macau, Maldives,
Mongolia, Myanmar (Burma), Nauru, Nepal,

Figure 1. Map of the Six Basic Country Groupings

New Caledonia, Niue, North Korea, Pakistan, Papua
New Guinea, Philippines, Samoa, Singapore, Solo-
mon Islands, South Korea, Sri Lanka, Taiwan, Thai-
land, Tonga, Vanuatu, and Vietnam.

=Middle East (4 percent of the 2003 world popula-
tion): Bahrain, Cyprus, lran, lIraq, Israel, Jordan,
Kuwait, Lebanon, Oman, Qatar, Saudi Arabia, Syria,
Turkey, the United Arab Emirates, and Yemen.

=Africa (14 percent of the 2003 world population):
Algeria, Angola, Benin, Botswana, Burkina Faso,
Burundi, Cameroon, Cape Verde, Central African
Republic, Chad, Comoros, Congo (Brazzaville),
Congo (Kinshasa), Djibouti, Egypt, Equatorial
Guinea, Eritrea, Ethiopia, Gabon, Gambia, Ghana,
Guinea, Guinea-Bissau, Ivory Coast, Kenya, Lesotho,
Liberia, Libya, Madagascar, Malawi, Mali, Maurita-
nia, Mauritius, Morocco, Mozambique, Namibia,
Niger, Nigeria, Reunion, Rwanda, Sao Tome and
Principe, Senegal, Seychelles, Sierra Leone, Somalia,
South Africa, St. Helena, Sudan, Swaziland,
Tanzania, Togo, Tunisia, Uganda, Western Sahara,
Zambia, and Zimbabwve.

<Central and South America (7 percent of the
2003 world population): Antarctica, Antigua and
Barbuda, Argentina, Aruba, Bahama Islands,
Barbados, Belize, Bolivia, Brazil, British Virgin
Islands, Cayman Islands, Chile, Colombia, Costa

Key
I Industrialized Countries
I EE/FSU

Il Developing Asia

1 Middle East

[ Africa
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting.
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Rica, Cuba, Dominica, Dominican Republic,
Ecuador, El Salvador, Falkland Islands, French
Guiana, Grenada, Guadeloupe, Guatemala, Guyana,
Haiti, Honduras, Jamaica, Martinique, Montserrat,
Netherlands Antilles, Nicaragua, Panama Republic,
Paraguay, Peru, Puerto Rico, St. Kitts-Nevis, St.
Lucia, St. Vincent/Grenadines, Suriname, Trinidad
and Tobago, Turks and Caicos Islands, Uruguay,
U.S. Virgin Islands, and Venezuela.

In addition, the following commonly used country
groupings are referenced in this report:

<Annex | Countries (countries participating in the
Kyoto Climate Change Protocol on Greenhouse Gas
Emissions): Australia, Austria, Belgium, Bulgaria,
Canada, Croatia, Czech Republic, Denmark, Estonia,
European Community, Finland, France, Germany,

=G8: Canada, France, Germany, Italy, Japan, Russia,
United Kingdom, and the United States.

<North American Free Trade Agreement (NAFTA)
Member Countries: Canada, Mexico, and the United
States.

=Organization for Economic Cooperation and
Development (OECD): Australia, Austria, Belgium,
Canada, Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy,
Japan, Luxembourg, Mexico, the Netherlands, New
Zealand, Norway, Poland, Portugal, Slovakia, South
Korea, Spain, Sweden, Switzerland, Turkey, the
United Kingdom, and the United States.

=Organization of Petroleum Exporting Countries
(OPEC): Algeria, Indonesia, Iran, Iraq, Kuwait,

Libya, Nigeria, Qatar, Saudi Arabia, the United Arab
Emirates, and Venezuela.

Greece, Hungary, Iceland, lIreland, Italy, Japan,
Latvia, Liechtenstein, Lithuania, Luxembourg,
Monaco, the Netherlands, New Zealand, Norway,
Poland, Portugal, Romania, Russia, Slovakia,
Slovenia, Spain, Sweden, Switzerland, Ukraine, and
the United Kingdom.!

<European Union (EU): Austria, Belgium, Denmark,
Finland, France, Germany, Greece, Ireland, Italy,
Luxembourg, the Netherlands, Portugal, Spain,
Sweden, and the United Kingdom.

=Pacific Rim Developing Countries: Hong Kong,
Indonesia, Malaysia, Philippines, Singapore, South
Korea, Taiwan, and Thailand.

ePersian Gulf: Bahrain, Iran, Irag, Kuwait, Qatar,
Saudi Arabia, and the United Arab Emirates.

Objectives of the IEO2003 Projections

The projections in IEO2003 are not statements of what will happen, but what might happen given the specific
assumptions and methodologies used. These projections provide an objective, policy-neutral reference case
that can be used to analyze international energy markets. As a policy-neutral data and analysis organization,
EIA does not propose, advocate, or speculate on future legislative and regulatory changes. The projections are
based on U.S. and foreign government policies effective as of October 1, 2002. Assuming fixed policies, even
knowing that changes will occur, will naturally result in projections that differ from the final data.

Models are abstractions of energy production and consumption activities, regulatory activities, and producer
and consumer behavior. The forecasts are highly dependent on the data, analytical methodologies, model
structures, and specific assumptions used in their development. Trends depicted in the analysis are indicative
of tendencies in the real world rather than representations of specific real-world outcomes. Even where trends
are stable and well understood, the projections are subject to uncertainty. Many events that shape energy mar-
kets are random and cannot be anticipated, and assumptions concerning future technology characteristics,
demographics, and resource availability cannot be known with certainty.

ITurkey and Belarus are Annex | nations that have not ratified the Framework Convention on Climate Change and did not commit to
quantifiable emissions targets under the Kyoto Protocol. In 2001, the United States withdrew from the Protocol, and Kazakhstan requested
that it be added to the list of Annex | countries.
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Highlights

World energy consumption is projected to increase by 58 percent from 2001 to 2025.
Much of the growth in worldwide energy use is expected in the
developing world in the IEO2003 reference case forecast.

In the International Energy Outlook 2003 (IEO2003) refer-
ence case, world energy consumption is projected to
increase by 58 percent over a 24-year forecast horizon,
from 2001 to 2025. Worldwide, total energy use is pro-
jected to grow from 404 quadrillion British thermal units
(Btu) in 2001 to 640 quadrillion Btu in 2025 (Figure 2).

As in past editions of this report, the IEO2003 reference
case outlook continues to show robust growth in energy
consumption among the developing nations of the
world (Figure 3). The strongest growth is projected for
developing Asia, where demand for energy is expected
to more than double over the forecast period. An aver-
age annual growth rate of 3 percent is projected for
energy use in developing Asia, accounting for nearly 40
percent of the total projected increment in world energy
consumption and 69 percent of the increment for the
developing world alone.

Expectations for growth in Central and South America
have been lowered substantially from those reflected in
last year’s report. Political and economic problems
surfacing among the nations of the region in the past
year have tempered the previously optimistic mid-term

Figure 2. World Energy Consumption, 1970-2025
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Sources: History: Energy Information Administration (EIA),
International Energy Annual 2001, DOE/EIA-0219(2001)
(Washington, DC, February 2003), web site www.eia.doe.gov/
iea/. Projections: EIA, System for the Analysis of Global
Energy Markets (2003).

outlook for their development. There is continuing
unrest in Venezuela; the Argentine economy remains in
crisis; the Colombian government has recently renewed
an aggressive campaign against insurgency groups; and
there is growing dissatisfaction with the Toledo govern-
ment in Peru. The uncertainties associated with these
developments have led to lower projections for the
region’s energy demand in the IEO2003 forecast. Where-
as energy demand in Central and South America was
projected to grow by 3.8 percent per year between 1999
and 2020 in last year’s report, the IEO2003 reference case
projects average annual growth of only 2.4 percent from
1999 through 2020 (Figure 4).

The IEO2003 reference case expects world oil prices to
remain high and volatile throughout 2003, largely
because of the abnormally high stock builds that would
be needed to bring oil markets back into balance follow-
ing the disruption in Venezuelan and Iraqi exports.
After 2004, prices are expected to return to the mid-term
price trajectory anticipated in last year’s outlook (Figure
5). World oil prices are projected to reach $27 per barrel
in 2001 dollars ($48 per barrel in nominal dollars) at the
end of the projection period.

Figure 3. World Energy Consumption by Region,

1970-2025
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Sources: History: Energy Information Administration (EIA),
International Energy Annual 2001, DOE/EIA-0219(2001)
(Washington, DC, February 2003), web site www.eia.doe.gov/
iea/. Projections: EIA, System for the Analysis of Global
Energy Markets (2003).
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Outlook for World Energy Demand

Much of the industrialized world remained in an eco-
nomic slowdown in 2002. Growth in the United States
was hindered by high world oil prices and several large
corporate scandals that shook consumer confidence. The
sluggish U.S. economy, in turn, had an adverse impact
on many global markets that depend heavily on exports
to the United States. The mid-term forecast assumes that
growth in gross domestic product (GDP) and energy
demand will rebound toward the trend projected in last
year’s outlook. The IEO2003 reference case projects 1.3-
percent average annual growth for energy consumption
in the industrialized world between 2001 and 2025, simi-
lar to growth rate projected in last year’s report.

In the IEO2003 reference case, world oil consumption is
projected to increase by 1.8 percent annually over the
24-year projection period, from 77 million barrels per
day in 2001 to 119 million barrels per day in 2025. The
projected increases in worldwide oil use would require
an increment of a little more than 42 million barrels per
day over current productive capacity. OPEC producers
are expected to be the major beneficiaries of increased
production requirements, but non-OPEC supply is
expected to remain competitive, with major increments
of supply coming from offshore resources, especially in
the Caspian Basin, Latin America, and deepwater West
Africa. Deepwater exploration and development initia-
tives are generally expected to be sustained worldwide,
and the offshore Atlantic Basin is expected to emerge as

Figure 4. Comparison of 2002 and 2003
Projections for Energy Consumption in
Central and South America, 1990-2025
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Sources: History: Energy Information Administration (EIA),
International Energy Annual 2001, DOE/EIA-0219(2001)
(Washington, DC, February 2003), web site www.eia.doe.gov/
iea/. IEO2002: EIA, International Energy Outlook 2002, DOE/
EIA-0484(2002) (Washington, DC, March 2002), web site
www.eia.doe.gov/oiaf/ieo/index.html. /IEO2003: EIA, System
for the Analysis of Global Energy Markets (2003).

a major source of oil production in both Latin America
and Africa.

Over the past several decades oil has been the world’s
foremost source of primary energy consumption, and it
is expected to remain in that position throughout the
2001 to 2025 period. Qil’s share of world energy drops
only slightly in the forecast, from 39 percent in 2001 to 38
percent in 2025, despite expectations that countries in
many parts of the world will be switching from oil to
natural gas and other fuels for their electricity genera-
tion (Figure 6). Robust growth in transportation energy
use—overwhelmingly fueled by petroleum products—
is expected to continue over the next 24 years. As a
result, oil is projected to retain its predominance in the
global energy mix—notwithstanding increases in the
penetration of new technologies such as hydrogen-
fueled vehicles.

Although the nations of the industrialized world con-
tinue to consume more of the world’s petroleum prod-
ucts than do those of the developing world, the gap is
projected to narrow considerably over the forecast
period. In 2001, developing nations consumed about
two-thirds (64 percent) as much oil as the industrialized
nations; by 2025 they are expected to consume around 86
percent as much as the industrialized nations. In the
industrialized world, increases in oil use are expected
mainly in the transportation sector, where there are few
economically competitive alternatives at present. In the
developing world, oil demand is projected to grow in all

Figure 5. Comparison of 2002 and 2003 World QOil
Price Projections, 1970-2025
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Sources: History: Energy Information Administration (EIA),
Annual Energy Review 2001, DOE/EIA-0384(2001) (Washing-
ton, DC, November 2002), web site www.eia.doe.gov/emeu/
aer/contents.html. IEO2002: EIA, International Energy Outlook
2002, DOE/EIA-0484(2002) (Washington, DC, March 2002),
web site www.eia.doe.gov/oiaf/ieo/index.html. IEO2003: EIA,
Annual Energy Outlook 2003, DOE/EIA-0383(2003) (Washing-
ton, DC, January 2003), web site www.eia.doe.gov/oiaf/aeo/
index.html.
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end-use sectors. As the energy infrastructures of emerg-
ing economies improve, people are turning from tradi-
tional fuels for residential and commercial uses—such
as wood burning for heating and cooking—to electricity,
and industrial demand for petrochemical feedstocks is
increasing.

The fastest growing source of primary energy in the
IEO2003 reference case is projected to be natural gas.
Over the 2001-2025 forecast period, consumption of nat-
ural gas is projected to nearly double in the reference
case, to 176 trillion cubic feet in 2025. Natural gas use is
expected to surpass coal use (on a Btu basis) by 2005, and
by 2025 it is expected to exceed coal use by 31 percent
(Figure 7). The natural gas share of total energy con-
sumption is projected to increase from 23 percent in 2001
to 28 percent in 2025, and natural gas is expected to
account for the largest increment in electricity genera-
tion (increasing by 41 quadrillion Btu and accounting for
53 percent of the total increment in energy use for elec-
tricity generation). Much of the projected growth in nat-
ural gas consumption throughout the world is in
response to rising demand for natural gas to fuel effi-
cient new gas turbine power plants.

In the industrialized world, natural gas is expected to
make a greater contribution to incremental energy con-
sumption among the major fuels, increasingly becoming
the fuel of choice for new power generation capacity
because of its environmental and economic advantages.
In the developing countries, increments in natural gas
use are expected to supply both power generation and
industrial uses. The IEO2003 reference case projects
strong growth in natural gas use in the developing
world—averaging 3.9 percent per year between 2001

Figure 6. World Energy Consumption Shares
by Fuel Type, 2001, 2010, 2020, and 2025
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Sources: 2001: Energy Information Administration (EIA),
International Energy Annual 2001, DOE/EIA-0219(2001)
(Washington, DC, February 2003), web site www.eia.doe.gov/
iea/. Projections: EIA, System for the Analysis of Global
Energy Markets (2003).

and 2025—reflecting the growing popularity of the fuel
as well as the expectation that the relatively immature
gas markets of emerging countries will develop quickly
in the coming years.

World coal use has been in a period of generally slow
growth since the 1980s, and the trend is expected to con-
tinue through the projection period. The projected slow
growth in coal consumption, averaging 1.5 percent per
year through 2025, suggests that coal will account for a
shrinking share of world energy consumption. In the
IEO2003 reference case, the coal share of total energy
consumption is projected to fall from 24 percent in 2001
to 22 percent by 2025. Substantial declines in coal use are
projected for Western Europe and the EE/FSU coun-
tries, where natural gas (and in the case of France,
nuclear power) is increasingly being used for electricity
generation and for other uses in the industrial and build-
ings sectors. The expected decline in coal’s share of
energy use would be even greater were it not for pro-
jected large increases in coal use in developing Asia,
especially in China and India, where coal continues to
dominate many fuel markets. As very large countries in
terms of both population and land mass, and with ample
domestic coal resources, China and India are projected
to account for 75 percent of the total expected increase in
coal use worldwide (on a Btu basis).

Almost 55 percent of the coal consumed worldwide is
used for electricity generation, and its role in the future
is expected to be primarily as a fuel for power generation
and secondarily as an energy source in a few key indus-
trial sectors, such as steelmaking. Where coal is used in
the industrial, residential, and commercial sectors, other
energy sources—primarily, natural gas—are expected to

Figure 7. World Energy Consumption by Energy
Source, 1970-2025
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gain market share. One exception is China, where coal
continues to be the most widely used fuel in the coun-
try’s rapidly growing industrial sector, reflecting the
China’s abundant coal reserves and limited access to
other sources of energy. Consumption of coking coal is
projected to decline slightly in most regions of the world
as a result of technological advances in steelmaking,
increasing output from electric arc furnaces, and contin-
uing replacement of steel by other materials in end-use
applications.

Nuclear power accounted for 19 percent of the world’s
total electricity supply in 2001. The IEO2003 reference
case projects a drop in the nuclear share of electricity, to
12 percent by 2025, as the current trend away from
nuclear power in most countries continues. Although
some nations are expected to construct new nuclear
power plants during the forecast period, declines in
nuclear capacity are projected for most of the countries
with active nuclear power programs as older plants are
retired. The economics of nuclear generating capacity
generally compare unfavorably with other available
technologies, and public concerns about plant safety,
radioactive waste disposal, and weapons proliferation
are expected to contribute to the decline of nuclear
power in the long term.

Despite its declining share of global electricity produc-
tion in the IEO2003 reference case forecast, nuclear
power will continue to be a significant source of electric-
ity. Life extensions, higher capacity factors, and capacity
uprates are expected to offset some of the capacity losses
resulting from retirements. Further, some nations still
are expected to continue building new units. Most fu-
ture capacity additions are expected in Asia, with China,
India, Japan, and South Korea projected to add a com-
bined 45 gigawatts between 2001 and 2025. As of Febru-
ary 2003, the nations of developing Asia accounted for
17 of the 35 nuclear reactors under construction world-
wide, including 8 in India, 4 in China, 2 each in South
Korea and Taiwan, and 1 in North Korea.

Consumption of hydroelectricity and other renewable
resources is projected to increase only moderately in the
IEO2003 reference case, at an average annual rate of 1.9
percent per year between 2001 and 2025. Renewable
energy sources are not expected to be economically com-
petitive with fossil fuels in the mid-term without signifi-
cant support from government policies that would
encourage their widespread expansion. Much of the
growth in use of renewable energy is expected to result
from the operation of new large-scale hydroelectric facil-
ities in the developing world, particularly in developing
Asia. Among other nations in the region, China, India,
Malaysia, and Vietnam are currently constructing or
planning large-scale hydroelectric projects. The first
electricity generating units of China’s 18,200-megawatt

Three Gorges Dam project are scheduled to be installed
in 2003; India is set to begin the final phase of reservoir
filling for its 2,000-megawatt Tehri dam; and Malaysia
has awarded the main construction contract for its
2,400-megawatt Bakun dam.

Over the projection period, worldwide net electricity
consumption is projected to increase at an average
annual rate of 2.4 percent, from 13.9 trillion kilowatt-
hours in 2001 to 24.7 trillion kilowatthours in 2025.
Strong growth in electricity use is expected in the coun-
tries of the developing world, particularly developing
Asia, where robust economic growth is projected to
support increased demand for electricity to run newly
purchased home appliances for air conditioning, refrig-
eration, cooking, and space and water heating. China’s
electricity consumption is projected to nearly triple,
growing by an average of 4.3 percent per year in the ref-
erence case. Slower growth in population and economic
activity, as well as market saturation and efficiency
gains for some electronic appliances, is expected to
result in a more modest growth rate for electricity use in
the industrialized world, at 1.7 percent per year.

International investments in the electricity sector have
changed course to some extent in recent years. First,
much of the massive U.S. investment in foreign elec-
tricity ventures that began in the mid- to late 1990s—
particularly in South America, Western Europe, and
Australia—has slowed, in part because of the sluggish
state of the global economy but also because of disap-
pointing financial performance of many acquisitions.
Foreign direct investment in the electricity sectors of the
developing world has slowed as well, and the level of
such activity in 2001 was only about one-fifth of the 1997
peak level. Mergers and acquisitions among U.S. elec-
tricity firms have also slowed substantially since peak-
ing in 1999. Finally, the move toward electricity market
restructuring—another trend that flourished in the
1990s—is also changing. Although some countries,
including South Korea and Mexico, still are pursuing
restructuring programs, others have delayed or modi-
fied their restructuring plans. For example, the United
Kingdom has reformed its electricity pool in response to
evidence of market manipulation, and in Ontario, Can-
ada, a program of electricity price decontrol was
reversed after a weather-related spike in retail prices in
the summer of 2002.

Carbon Dioxide Emissions

Because estimates indicate that approximately 80 per-
cent of all human-caused carbon dioxide emissions cur-
rently come from fossil fuel combustion, world energy
use has emerged at the center of the climate change
debate. In the IEO2003 reference case, world carbon
dioxide emissions are projected to rise from 6.5 billion
metric tons carbon equivalent in 2001 to 7.7 billion
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metric tons in 2010 and 10.4 billion metric tons in 2025
(Figure 8). Much of the projected increase in carbon
dioxide emissions is expected in the developing world
(Figure 9), accompanying the large increases in energy
use projected for the region’s emerging economies.
Developing countries account for 59 percent of the pro-
jected increment in carbon dioxide emissions between
2001 and 2025. Continued heavy reliance on coal and
other fossil fuels, as projected for the developing coun-
tries, would ensure that even if the industrialized world
undertook efforts to reduce carbon dioxide emissions,
there still would be substantial increases in worldwide
carbon dioxide emissions over the forecast horizon.

Energy Intensity

Energy intensity (that is, the relationship between
energy consumption and growth in gross domestic
product) is an important factor that affects the change in
energy consumption over time. In the industrialized
countries, history shows the link between energy con-
sumption and economic growth to be a relatively weak
one, with growth in energy demand lagging behind eco-
nomic growth. In the developing countries, the two have
been more closely correlated, with energy demand
growing in parallel with economic expansion.

In the IEO2003 forecast, energy intensity in the industri-
alized countries is expected to improve (decrease) by 1.3
percent per year between 2001 and 2025, slightly slower
than the 1.4 percent per year improvement observed in
the region between 1970 and 2001. Energy intensity is
expected to improve more rapidly in the developing
countries—by 1.7 percent per year on average—as their
economies begin to behave more like those of the

Figure 8. World Carbon Dioxide Emissions by
Fossil Fuel, 1970-2025
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Sources: History: Energy Information Administration (EIA),
International Energy Annual 2001, DOE/EIA-0219(2001)
(Washington, DC, February 2003), web site www.eia.doe.gov/
iea/. Projections: EIA, System for the Analysis of Global
Energy Markets (2003).

industrialized countries as a result of improving stan-
dards of living that accompany the projected economic
expansion (Figure 10).

For more than three decades, the EE/FSU has main-
tained a much higher level of energy intensity than
either the industrialized or developing countries. Over
the forecast horizon the region’s energy intensity is
expected to improve—by 2.1 percent per year on aver-
age—in concert with expected recovery from the eco-
nomic and social declines of the early 1990s; however, it
is still expected to be twice as high as in the developing
world and five times as high as in the industrialized
world.

Carbon Intensity

World carbon intensity has improved (decreased) sub-
stantially over the past three decades, falling from 302
metric tons per million 1997 dollars of GDP in 1970 to
202 metric tons per million 1997 dollars in 2001. Al-
though the pace of improvement in emissions intensity
is expected to slow over the forecast period, a continuing
decline is projected in the reference case, to 154 metric
tons per million 1997 dollars of GDP in 2025.

Onaregional basis, the most rapid rates of improvement
in carbon intensity are projected for the transitional
economies of the EE/FSU and the developing Asian
countries of China and India. In the FSU, economic
recovery from the upheaval of the 1990s is expected to
continue throughout the forecast. The FSU nations are
also expected to replace old and inefficient capital stock
and increasingly use less carbon-intensive natural gas
for new electricity generation capacity and for other end

Figure 9. World Carbon Dioxide Emissions by
Region, 1990-2025
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(Washington, DC, February 2003), web site www.eia.doe.gov/
iea/. Projections: EIA, System for the Analysis of Global
Energy Markets (2003).
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uses rather than more carbon-intensive oil or coal. East-
ern European nations have been in economic recovery
longer than has the FSU, and natural gas is expected to
continue to displace coal use in the region, resulting in
an average 2.8-percent annual improvement (decrease)
in carbon intensity for Eastern Europe as a whole
(Figure 11).

In developing Asia, fairly rapid improvements in carbon
intensity are projected for China and India, primarily as
aresult of rapid economic growth rather than a switch to
less carbon-intensive fuels. Both China and India are
projected to remain heavily dependent on fossil fuels,
particularly coal, in the IEO2003 reference case, but their
annual GDP growth is projected to average 5.9 percent,
compared with an expected 3.4-percent annual rate of
increase in fossil fuel use from 2001 to 2025.

Figure 10. World Energy Intensity by Region,
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Sources: History: Derived from Energy Information Admin-
istration (EIA), International Energy Annual 2001, DOE/EIA-
0219(2001) (Washington, DC, February 2003), web site www.
eia.doe.gov/ieal. Projections: EIA, System for the Analysis of
Global Energy Markets (2003).

The rate of improvement in carbon dioxide intensity
could vary considerably in the future. Technological
advances and government policy initiatives have the
potential to affect the rate of improvement in carbon
intensity, and different rates of economic improvement
could also considerably alter future carbon intensity lev-
els. In the IEO2003 reference case, world carbon dioxide
intensity is projected to fall from 202 metric tons carbon
equivalent per million 1997 dollars of GDP in 2001 to 154
metric tons per million dollars in 2025; however, if world
economic growth expanded to the levels projected in the
high economic growth case, carbon dioxide intensity
could fall more quickly, to 142 metric tons per million
dollars in 2025. In contrast, if world GDP expanded
more slowly, as in the low economic growth case, world
carbon dioxide intensity would decline to a projected
166 metric tons per million dollars in 2025.

Figure 11. World Carbon Dioxide Intensity by
Selected Countries and Regions,
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World Energy Consumption

The | EO2003 projections indicate continued growth in world energy use, including
large increases for the developing economies of Asia. Energy resources are
thought to be adequate to support the growth expected through 2025.

The outlook presented in the International Energy Outlook
2003 (IEO2003) shows continuing strong growth for
worldwide energy demand over the next 24 years. Total
world energy consumption is expected to expand by 58
percent between 2001 and 2025, from 404 quadrillion
British thermal units (Btu) in 2001 to 640 quadrillion Btu
in 2025 (Table 1 and Figure 12). Overall, the global econ-
omy did not perform strongly in 2002. Growth in U.S.
markets was hindered by several large corporate scan-
dals and by relatively high world oil prices, and the slow
U.S. economy had negative impacts on many global
markets that rely heavily on exports to the United States.
Nevertheless, the IEO2003 mid-term outlook continues
to show robust growth in energy consumption among
the developing nations of the world (Figure 13), particu-
larly in developing Asia (including China and India),
where demand for energy is expected to more than dou-
ble over the next quarter century.

This chapter begins with an overview of current eco-
nomic trends that are influencing short-term energy
markets, followed by a presentation of the IEO2003 out-
look for energy consumption by primary energy source
and a discussion of projections for world carbon dioxide
emissions resulting from the combustion of fossil fuels.
Uncertainty in the forecast is highlighted by an examina-
tion of alternative assumptions about economic growth
and their impacts on the IEO2003 projections, and how
future trends in energy intensity could influence the ref-
erence case projections. Next, a comparison of IEO2003

projections with forecasts available from other
organizations is presented. The chapter ends with an
examination of the performance of past IEO forecasts for
the years 1990, 1995, and 2000.

World Economic Status

The global economy faltered at the end of 2002, and the
United States managed a meager 1-percent annualized
growth in the fourth quarter. U.S. stock markets felt the
impact of a crisis of consumer confidence following sev-
eral large corporate scandals in 2002. The weak perfor-
mance of the U.S. economy in 2002 was felt in world
markets as well. The United States is the world’s largest
economy, and many developing nations are largely
dependent on exports to the United States to support
their own economic expansion. Worldwide, economic
growth is expected to recover over the short term, and in
the IEO2003 reference case, world gross domestic
product (GDP) is projected to expand by an average of
3.1 percent per year over the 2001 to 2025 forecast period
(Table 2).

Continuing unrest in the Middle East, the war in Iraq,
and a crippling strike in Venezuela aiming to oust Presi-
dent Hugo Chavez all helped to keep oil prices high
through much of the past year and into 2003. The Orga-
nization of Petroleum Exporting Countries (OPEC) has
managed markets to keep the basket oil price above $22
per barrel (nominal) since March 8, 2002 (Figure 14) [1].

Table 1. World Energy Consumption and Carbon Dioxide Emissions by Region, 1990-2025

Energy Consumption
(Quadrillion Btu)

Carbon Dioxide Emissions
(Million Metric Tons Carbon Equivalent)

Region 1990 | 2001 | 2010 | 2025 1990 | 2001 2010 2025
Industrialized Countries ... ... 182.8 211.5 240.1 288.3 2,844 3,179 3,572 4,346
EE/FSU ... 76.3 53.3 65.9 823 1,337 856 1,038 1,267
Developing Countries .. ... ... 89.3 1392 1747 2696 1,691 2487 3,075 4,749

ASia ... 525 850 1101 1746 1,089 1640 2,075 3,263
Middle East ................ 13.1 20.8 25.0 36.0 231 354 420 601
Affica . ... 9.3 12.4 14.4 20.0 179 230 261 361
Central and South America ...  14.4 20.9 252 39.0 192 263 319 523
TotalWorld . ................ 3484 4039 4806 6401 5872 6522 7685 10,361

Sources: 1990 and 2001: Energy Information Administration (EIA), International Energy Annual 2001, DOE/EIA-0219(2001)
(Washington, DC, February 2003), web site www.eia.doe.gov/iea/. 2010 and 2025: EIA, System for the Analysis of Global Energy

Markets (2003).
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Figure 12. World Energy Consumption, 1970-2025
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Sources: History: Energy Information Administration (EIA),
International Energy Annual 2001, DOE/EIA-0219(2001)
(Washington, DC, February 2003), web site www.eia.doe.gov/
iea/. Projections: EIA, System for the Analysis of Global
Energy Markets (2003).

Figure 13. World Energy Consumption by Region,
1970-2025
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iea/. Projections: EIA, System for the Analysis of Global
Energy Markets (2003).

Table 2. World Gross Domestic Product by Selected Countries and Regions, 1970-2025

(Billion 1997 U.S. Dollars)

Average Annual
History Projections Percent Change
1970- 2001-
Region 1970 1990 2001 2010 2015 2020 2025 2001 2025
Industrialized Countries
North America . ............. 4,068 7,723 10,588 14,192 16,645 19,246 22,218 3.1 3.1
United States . . ............ 3,646 6,836 9,394 12,497 14,566 16,770 19,285 3.1 3.0
Canada .................. 276 555 742 978 1,112 1,253 1,406 3.2 2.7
MexiCo...........ooiiu.. 145 332 452 717 967 1,223 1,528 3.7 5.2
Western Europe. . ........... 4,506 7,597 9,460 11,694 13,125 14,724 16,395 24 2.3
France ................... 751 1,299 1,593 1,974 2,214 2,497 2,781 25 2.3
Germany ................. 1,149 1,879 2,274 2,780 3,100 3,450 3,811 2.2 2.2
Industrialized Asia . .. ........ 1,815 4,054 4,920 5,891 6,512 7,153 7,828 3.3 2.0
Japan.......... ... . ... ... 1,608 3,673 4,376 5,164 5,662 6,162 6,680 3.3 1.8
EE/FSU
Former Soviet Union . .. ...... 625 1,009 654 957 1,152 1,360 1,600 0.1 3.8
Eastern Europe ............. 236 348 390 561 689 853 1,044 1.6 4.2
Developing Countries
Asia . ... 472 1,739 3,525 5,856 7,528 9,513 11,752 6.7 5.1
China.................... 106 427 1,201 2,191 2,949 3,935 5,085 8.2 6.2
India..................... 113 268 521 832 1,077 1,390 1,775 5.1 5.2
MiddleEast . ............... 172 379 581 808 970 1,154 1,359 4.0 3.6
Africa. .. ... 206 405 617 862 1,027 1,216 1,426 3.6 3.6
Central and South America . . . . 586 1,136 1,505 1,983 2,446 3,040 3,811 3.1 3.9
TotalWorld .. ............... 12,687 24,392 32,239 42,804 50,095 58,259 67,434 3.1 3.1

Sources: Global Insight, Inc., World Economic Outlook, Vol. 1 (Lexington, MA, Third Quarter 2002), and Energy Information
Administration, System for the Analysis of Global Energy Markets (2003).
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High world oil prices have the potential to further
dampen economic expansion. The weakness of U.S.
consumer demand—which has supported economic
growth for some time—is matched by likely economic
declines in Japan and stagnation in the European Union
(EU). Another below-trend performance is expected for
the world economy in 2003 before recovery in 2004.

Industrialized World

The U.S. economy has suffered a number of setbacks in
the past 3 years, including the terrorist attacks of Sep-
tember 2001, the significant loss of stock market wealth
since 2000, and recent corporate accounting scandals,
including U.S. energy company Enron and telecommu-
nications company WorldCom Group [2]. Yet the reces-
sion of 2001 was one of the mildest on record, with
recovery proceeding slowly in 2002. The recovery—
attributed to continuing consumer spending, a strong
housing market, and activist fiscal and monetary poli-
cies—has been slowed by falling consumer confidence,
high oil prices, and war jitters. Debates over another
government fiscal stimulus have just begun, but the
eventual outcome may well provide a significant boost
to the U.S. economy in 2003. U.S. GDP is projected to
grow at an average annual rate of 3.0 percent per year
from 2001 to 2025.

Canada’s economy continued to outperform expecta-
tions in 2002. GDP growth in Canada exceeded that in
the United States between 1999 and 2002, and in 2002
Canada recorded the strongest growth among the G-8
nations [3]. Housing starts, automobile sales, strong
government spending, and a robust energy sector were
leading contributors to Canada’s economic growth.
Although the pace of the country’s growth did slow in
conjunction with the general worldwide economic slow-
down in 2002, it is expected to improve along with a
recovery in the United States. Canada’s economic
growth rate is projected to average 2.7 percent per year
over the projection period.

Mexico—which along with Canada is a U.S. partner in
the North American Free Trade Agreement (NAFTA)—
also returned to positive growth in 2002. High world oil
prices helped Mexico avoid a substantial dip in GDP
expansion in 2001 and allowed the country to achieve its
2002 fiscal deficit target of 0.65 percent of GDP [4]. In
general, many analysts believe that the United States
will cushion Mexico from the economic troubles that
have hampered other countries in Latin America, and
Mexico’s GDP is expected to expand by a robust 5.2 per-
cent per year on average over the next 24 years. Mexico
is, however, more dependent on U.S. growth than are
the other Latin American countries. The Fox Adminis-
tration has announced plans to limit public spending in
its 2003 budget because of fears that the U.S. recovery
may be more prolonged than was expected in 2002 [5].

Figure 14. Refiner Acquisition Cost of Imported
Crude Oil, 1996-2002
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Source: Energy Information Administration, Monthly Energy
Review, DOE/EIA-0035(2003/04) (Washington, DC, April
2003).

Economic performance in other industrialized regions
of the world has been equally or more lackluster. In Ger-
many, Western Europe’s largest economy, economic
performance was anemic throughout 2002. The German
government had few options for stimulus: the European
Central Bank has been reluctant to cut EU interest rates
to stimulate economic growth, and Germany is con-
strained from carrying out any fiscal policy changes
because of the weak state of public finances and limits
placed on the government by the EU’s Stability and
Growth Pact, which requires that EU member countries
maintain deficits that do not exceed 3 percent of GDP in
any single year [6]. The European Commission issued a
warning to Germany on its breach of the deficit limit,
threatening punishment if it did not take action to
reduce its deficit before May 21, 2003 [7].

High unemployment and the costs associated with
recovering from a devastating flood in the summer of
2002 have led the German government to delay a tax cut
scheduled for January 2003, leading many analysts to
believe that chances for a near-term economic recovery
are remote [8]. In December, the European Central Bank
moved to cut its benchmark interest rate by 0.5 percent-
age point, the first cut since November 2001, citing a
lackluster “overall sentiment in the economy” [9]. The
Bank stated that it was able to cut interest rates without
fear of inflation because of the protracted sluggishness
of economic growth among the EU member countries.
Critics of the Bank’s hesitancy to cut rates over the past
year argue that the impact of the November interest rate
cut may not be felt in Europe for up to a year, and that
Germany, as well as France and Italy, may fall into reces-
sion in the meantime.
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In Japan, the world’s second largest economy continued
to contract in 2002. After a decade of fiscal erosion, spi-
raling private debt, and price deflation, the country
found itself in a position of acute vulnerability to any
external shock. The government of prime minister
Junichiro Koizumi has had only limited success in get-
ting economic reforms passed in the Japanese Diet.
Compromise postal reform bills were passed in June
2002, allowing a shift of the national postal service and
its financial functions into a private corporation [10].
Koizumi is also attempting to shift fiscal policy away
from government stimulus packages (implemented
through public works) toward a tax cut.

In late September 2002, Koizumi announced a reshuf-
fling of his cabinet, replacing his chief financial regula-
tor, Hakuo Yanagisawa, with Heizo Takenaka, who is
known to be a strong proponent of reform [11]. Mr.
Takenaka has been assigned the roll of “economy czar”
and has been charged with the task of cleaning up com-
mercial banks that have accumulated an estimated $423
billion in bad loans over the past 12 years. It is difficult to
assess how successful Takenaka may be, and for the
near-term future the Japanese economy is expected to
continue only tepid performance. GDP in Japan is pro-
jected to grow by only 1.8 percent per year between 2001
and 2025, substantially lower than its 3.3-percent aver-
age over the past 30 years.

Central and South America

In 2002, substantial political and economic troubles
arose among the nations of Central and South America.
Uncertainties among the nations of the region include
prospects for national elections in several large countries
that may well change the political landscape, the contin-
uing economic crisis in Argentina, political unrest in
Venezuela, a renewed aggressive campaign against
insurgency groups in Colombia, and mounting popular
dissatisfaction with the Toledo governmentin Peru. As a
result, projections for the region’s economic growth
have been lowered in IEO2003, along with expectations
for increments in energy demand. Whereas last year’s
report (IEO2002) projected 4.5-percent average annual
growth in GDP in Central and South America from 1999
to 2020, IEO2003 projects only 3.6-percent annual
growth for the same time period.

Brazil’s economy, the largest in Central and South
America, has been hampered by the lingering global
economic weakness. Beginning in the second quarter of
2002, industrial production in Brazil began to weaken
substantially, and unemployment rates increased pre-
cipitously. The Brazilian Central Bank lowered interest
rates from 18.5 percent to 18 percent, but the high inter-
est rates compounded the difficulty of achieving eco-
nomic recovery [12]. In mid-October 2002, in an effort to
halt the depreciation of the Brazilian real, the Bank

increased interest rates to a 3-year high of 21 percent in
the hope that high interest rates would make short-term
domestic investments more attractive by offering higher
returns on domestic bonds [13].

Mounting dissatisfaction with the performance of the
Brazilian economy fueled public support for the presi-
dential candidacy of Luiz Inacio Lula da Silva, who was
elected to the office on October 27, 2002, with 61 percent
of the vote—the largest margin of victory by a presiden-
tial candidate in the history of the country [14]. Many
analysts believe that the election of Lula will stall privat-
ization efforts, with policies aimed at reversing the pre-
vious administration’s move to liberalize many
state-owned enterprises.

Fears that the Lula administration might be detrimental
to prospects in Brazil are making foreign investors ner-
vous about committing investment funds, making it dif-
ficult for the country to manage its $260 billion public
debt [15]. The Lula administration does not have much
fiscal room to maneuver, however, given Brazil’s past
agreements with the International Monetary Fund (IMF)
to hold down public deficits in return for loans and
credit. The IMF, apparently believing that Brazil intends
to honor its commitments, has approved a request for a
15-month standby credit of $30.4 billion through Decem-
ber 2003, citing the country’s “strong and consistent
macroeconomic policies in recent years that have
improved fundamentals” [16].

In Venezuela, the Chavez administration has faced
growing discontent among union workers and business-
men as a result of its handling of the economy,
particularly in dealings with state-owned Petroleos
de Venezuela (PDVSA). When Chavez attempted
to replace PDVSA executives with political allies, dem-
onstrations and protests were launched that culminated
in an ultimately unsuccessful coup attempt in April 2002
[17]. Nevertheless, Chavez declared his intention to ful-
fill his complete presidential term and stay in office until
2007. Tensions in the country remained high, and a
2-month nationwide strike that began on December 2,
2002, resulted in a pronounced slowdown of operations
at PDVSA[18]. Oil is the key source of revenue for Vene-
zuela (accounting for some 80 percent of the country’s
total export revenues). Although world oil prices
remained high in 2002, the country still saw a contrac-
tion in GDP of almost 10 percent in the second quarter of
2002, and unemployment stood at 16.4 percent. None of
these developments bodes well for near-term economic
growth in Venezuela.

Argentina, another key economy of the Central and
South American region, experienced another disap-
pointing economic year in 2002. After a deteriorating
financial situation at the end of 2001 resulted in the
rapid succession of five presidents, Eduardo Duhalde
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assumed the role of interim president in January 2002.
The economic situation has not shown much improve-
ment, with real GDP contracting by 12 percent in 2002,
and new elections are now scheduled for April 2003 [19].
There are hopes that the Argentine economy has begun
to stabilize. After a year of negotiations, Argentina was
able to secure a $6.8 billion loan package from the IMF in
January 2003. Under the terms of the agreement, the IMF
has approved a short-term credit line of nearly $3 billion
to repay debts to multinational organizations that could
not be postponed. It has also extended its deadline for
repayment of some $3.8 billion to August 31, 2003. The
country faces around $18 billion worth of repayments
before the end of 2003.

Developing Asia

For the most part, the nations of developing Asia
showed positive economic growth in 2002, and there is
cautious optimism that national economies in the region
will continue to expand despite slow economic growth
in the industrialized world. The two largest economies
in the region—China and India—both saw robust GDP
growth in 2002, which is expected to continue in the near
term. China and India alone are expected to see com-
bined average economic growth of 5.9 percent per year
from 2001 to 2025 in the IEO2003 reference case.

The November 2001 accession of China into the World
Trade Organization (WTO) gives analysts some reason
for concern in the mid-term. Although WTO member-
ship is expected to advance trading opportunities and a
voice in future global economic organization negotia-
tions, there is fear that unemployment may rise with the
opening of China’s markets to competition, accompa-
nied by the potential for social discord, and that eco-
nomic growth in the short term will be dampened [20].
To counteract the potential negative impacts of WTO
membership, the Chinese government plans to increase
spending on public works projects, releasing some 150
billion yuan (about $18 billion) in special funds to
finance the projects [21]. In the mid-term, China will still
need to reform overstaffed and inefficient state-owned
companies and a banking system that is carrying large
nonperforming loans. In 2002, nonperforming loans
accounted for 23 percent of total loans, and the govern-
ment has set a target for state-owned banks to reduce
them to 15 percent of the total by 2005 [22].

India’s economy has also performed well over the past 2
years, with GDP increases of 5.4 percent in 2001 and an
estimated 4.8 percent in 2002 [23] attributed to strong
growth in the manufacturing sector and a robust recov-
ery in the agricultural sector after a 2-year drought. Sev-
eral legislative moves aimed at improving the country’s
privatization efforts were passed in 2002, including a
July 2002 government announcement that it would
allow companies that assume government stakes in

businesses to finance the acquisitions through external
commercial loans, and the April 2002 abolition of the oil
refinery sector’s Administered Pricing Mechanism,
which is expected to result in greater competition for
India’s refineries [24]. India’s Power Minister, Suresh
Prabhu, has announced that further legislation will be
introduced to end the monopoly of state utilities on elec-
tricity distribution, allowing private companies to sell
electricity directly to consumers. Analysts hope that the
legislation will remove the distribution restrictions that
have hampered India’s efforts to reform its power sector
and attract new foreign investment in the electricity sec-
tor [25]. Mid-term prospects for India are encouraging as
the country continues to privatize state enterprises and
increasingly adopts free market policies. In the IEO2003
reference case, India’s GDP is expected to expand by 5.2
percent per year on average between 2001 and 2025.

Economic growth in 2002 was sustained in other coun-
tries of developing Asia, with some exceptions. The pil-
lar of economic expansion in the region continues to be
consumer demand and exports. Many Asian nations
rely on exports to the United States and other industrial-
ized countries for revenues, and the slow economic
growth among the nations of the industrialized world
has slowed short-term growth in many of the region’s
developing countries. In particular, electronics export-
ing countries like Singapore, South Korea, and Taiwan
are hoping that a recovery in demand for computer
equipment and other electronics in the United States,
Japan, and Western Europe will spur their GDP growth
in 2003 [26].

Eastern Europe and the Former Soviet Union

Positive GDP growth continued in the transitional
economies of the former Soviet Union (FSU) in 2002 but
at slower rates than the near double-digit increases that
were reported among the region’s countries in 2000 and
2001. After the dissolution of the Soviet Union in the
early 1990s, the region’s GDP fell to $545 billion (1997
dollars) in 1998, lower than its 1970 level. The FSU
region is expected to sustain positive economic growth
between 2001 and 2025, with a projected average GDP
growth rate of 3.8 percent per year in the IEO2003 refer-
ence case.

Positive economic growth only returned to the FSU in
1999, when high world oil prices and a devalued ruble
helped Russia, the region’s largest economy, post strong
economic gains by boosting performance in its indus-
trial sector and increasing consumer demand for domes-
tically produced goods. In 2002, the Russian ruble
continued to gather strength, making it possible for for-
eign goods to compete with domestic supplies. House-
hold income also continued to improve, strengthening
domestic consumer demand. High world oil prices have
helped to support the Russian economy, but investors
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have expressed fears that without greater transparency
and a legal framework that would protect foreign inves-
tors, such as production sharing agreements for the
energy sector, it will be difficult to attract the levels of
foreign financial investment needed to support contin-
ued advances in Russia and many of the other former
Soviet Republics [27].

As a region, Eastern Europe began to see sustained eco-
nomic recovery much sooner than did the FSU coun-
tries. Most Eastern European countries saw positive
GDP growth return by the mid-1990s. Catastrophic
floods in August 2002 had strong negative impacts on
the important regional economy of the Czech Republic.
Also, the slowdown among the economies of the indus-
trialized world dampened some demand for East Euro-
pean goods. Nevertheless, the nations of Eastern Europe
are expected to perform modestly well in the near term.

A strong boost for Eastern Europe came in October 2002,
when Ireland voted to accept the Nice Treaty, which
allows for the expansion of EU membership [28]. Ireland
is the only EU member that required a national referen-
dum to approve the treaty (it was rejected by the Irish
electorate in a previous referendum). Ten countries are
to be invited to join the EU in 2004, including the Czech
Republic, Estonia, Hungary, Latvia, Lithuania, Poland,
Slovakia, and Slovenia in Eastern Europe, with Bulgaria
and Romania to join in 2007. With the accessions
expected to begin in 2004, the Eastern European region
should begin to benefit from EU membership with
increased regional aid, as well as easing of trade restric-
tions once the EU borders have been expanded. As a
result, prospects for the region are expected to remain
positive, and its total GDP is projected to expand by an
average of 4.2 percent per year through 2025.

Outlook for Primary Energy
Consumption

The IEO2003 reference case projects that consumption of
every primary energy source will increase over the
24-year forecast horizon (Figure 15 and Appendix A,
Table A2). Much of the increment in future energy
demand in the reference case is projected to be for fossil
fuels (oil, natural gas, and coal), because it is expected
that fossil fuel prices will remain relatively low, and that
the cost of generating energy from other fuels will not be
competitive. Itis possible, however, that as environmen-
tal programs or government policies—particularly those
designed to limit or reduce greenhouse gas emis-
sions—are implemented, the outlook might change, and
non-fossil fuels (including nuclear power and renewable
energy sources such as hydroelectricity, geothermal,
biomass, solar, and wind power) might become more
attractive. The IEO2003 projections assume that govern-
ment policies or programs in place as of October 1, 2002,
will remain constant over the forecast horizon.

Oil is expected to remain the dominant energy fuel
throughout the forecast period, with its share of total
world energy consumption falling only slightly from 39
percent in 2001 to 38 percent in 2025. In the industrial-
ized world, increases in oil use are projected primarily in
the transportation sector, where there are currently no
available fuels to compete significantly with oil prod-
ucts. The IEO2003 reference case projects declining oil
use for electricity generation, with other fuels (especially
natural gas) expected to be more favorable alternatives
to oil-fired generation.

In the developing world, oil consumption is projected to
increase for all end uses. In some countries where non-
commercial fuels have been widely used in the past
(such as fuel wood for cooking and home heating), die-
sel generators are now sometimes being used to dis-
suade rural populations from decimating surrounding
forests and vegetation, most notably in Sub-Saharan
Africa, Central and South America, and Southeast Asia
[29]. Because the infrastructure necessary to expand nat-
ural gas use has not been as widely established in the
developing world as it has in the industrialized world,
natural gas use is expected to grow in the developing
world, but not enough to accommodate all of the
increase in demand for energy.

Natural gas is projected to be the fastest growing pri-
mary energy source worldwide, maintaining growth of
2.8 percent annually over the 2001-2025 period, nearly
twice the rate of growth for coal use. Natural gas con-
sumption is projected to rise from 90 trillion cubic feet in
2001 to 176 trillion cubic feet in 2025, primarily to fuel
electricity generation. Gas is increasingly seen as the
desired option for electric power, given the efficiency of

Figure 15. World Energy Consumption by Energy
Source, 1970-2025
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combined-cycle gas turbines relative to coal- or oil-fired
generation, and the fact that it burns more cleanly
than either coal or oil, making it a more attractive choice
for countries interested in reducing greenhouse gas
emissions.

Coal use worldwide is projected to increase by 2.2 billion
short tons (at a rate of 1.5 percent per year) between 2001
and 2025. Substantial declines in coal use are projected
for Western Europe and the EE/FSU countries, where
natural gas is increasingly being used to fuel new
growth in electric power generation and for other uses in
the industrial and building sectors. In the developing
world, however, even larger increases in coal use are
expected. The largest increases are projected for China
and India, where coal supplies are plentiful. Together
these two countries account for 86 percent of the pro-
jected rise in coal use in the developing world over the
forecast period.

Worldwide, consumption of electricity generated from
nuclear power is expected to increase from 2,521 billion
kilowatthours in 2001 to 2,737 billion kilowatthours in
2025. Until very recently, nuclear electricity consump-
tion was expected to decline sharply by the end of the
forecast. The prospects for nuclear power have been
reassessed, however, in light of the higher capacity utili-
zation rates reported for many existing nuclear facilities
and the expectation that fewer retirements of existing
plants will occur than previously projected. Further,
extensions of operating licenses (or the equivalent) for
nuclear power plants are expected to be granted among
the countries of the industrialized world, slowing the
decline in nuclear generation. In many of the industrial-
ized countries, extending the operating life of a nuclear
power plant is a decision left primarily to the owner and
thus is essentially a question of economic viability. In the
IEO2003 reference case, world nuclear capacity is pro-
jected to rise from 353 gigawatts in 2001 to 393 gigawatts
in 2015 before falling to 366 gigawatts in 2025 (Figure
16). In contrast, in last year’s IEO, world nuclear capacity
was projected to rise to 363 gigawatts in 2010 and then
fall to 359 gigawatts in 2020.

The highest growth in nuclear generation is projected
for the developing world, where consumption of elec-
tricity from nuclear power is projected to increase by 4.1
percent per year between 2001 and 2025. In particular,
developing Asia is expected to see the greatest expan-
sion in new nuclear generating capacity. As of February
2003, the nations of developing Asia accounted for 17 of
the 35 reactors currently under construction worldwide,
including 8 in India, 4 in China, 2 each in South Korea
and Taiwan, and 1 in North Korea [30], accounting for 12
of the 30 gigawatts currently under construction.

Consumption of electricity from hydropower and other
renewable energy sources is projected to grow by 1.9

percent annually in the IEO2003 forecast. With fossil fuel
prices projected to remain relatively low in the reference
case, renewable energy sources are not expected to be
widely competitive, and the renewable share of total
energy use is not expected to increase. Over the
2001-2025 forecast horizon, renewables maintain their
share of total energy consumption at 8 percent. More-
over, despite the high rates of growth projected for alter-
native renewable energy sources, such as wind power in
Western Europe and biomass and geothermal power in
the United States, much of the growth in renewable
energy sources will result from large-scale hydroelectric
power projects in the developing world, particularly
among the nations of developing Asia. China, India,
Malaysia, and Vietnam are already constructing or have
plans to construct ambitious hydroelectric projects over
the projection period.

Outlook for Carbon Dioxide
Emissions

World carbon dioxide emissions are expected to
increase by 3.8 billion metric tons carbon equivalent
over current levels by 2025—growing by 1.9 percent per
year—if world energy consumption reaches the levels
projected in the IEO2003 reference case (Figure 17).
According to this projection, world carbon dioxide emis-
sions in 2025 would exceed 1990 levels by 76 percent. Oil
and natural gas contribute about 1.5 and 1.3 billion
metric tons, respectively, to the projected increase from
2001, and coal provides the remaining 1.1 billion metric
tons carbon equivalent.

Carbon dioxide emissions from energy use in the indus-
trialized countries are expected to increase by 1.2 billion
metric tons carbon equivalent to 4.3 billion metric tonsin

Figure 16. World Nuclear Capacity, 2001-2025
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2025, or by about 1.3 percent per year (Figure 18). Emis-
sions from the combustion of petroleum products
account for more than 44 percent of the total increment
expected for the industrialized world, and the increase
in emissions from natural gas is expected to be more
than twice as large as that from coal.

By 2020, carbon dioxide emissions in the developing
world (including China and India) are expected to sur-
pass those in the industrialized countries, even though
developing countries are projected to use less energy
than industrialized countries at that time (Figure 18).
Total emissions in developing nations are expected to
increase by 2.3 billion metric tons to a total of 4.7 billion
metric tons carbon equivalent in 2025, representing
about 59 percent of the projected increment worldwide.
The sizable rise in emissions among the developing
nations is partially a result of their continued heavy reli-
ance on coal, the most carbon-intensive of the fossil
fuels. Coal is used extensively in the developing Asia
region, which has the highest expected rate of economic
and energy growth in the forecast. Carbon dioxide emis-
sions in developing Asia alone are projected to increase
from 1.6 billion metric tons carbon equivalent in 2001 to
3.3 billion metric tons in 2025.

In the EE/FSU region as a whole, carbon dioxide emis-
sions are not expected to return to their Soviet-era levels
during the projection period. This year’s reference case
projection has been revised to reflect the expectation
that coal use will not decline as precipitously as was

Figure 17. World Energy-Related Carbon Dioxide
Emissions by Fuel Type, 1970-2025
Billion Metric Tons Carbon Equivalent
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Sources: History: Energy Information Administration (EIA),
International Energy Annual 2001, DOE/EIA-0219(2001)
(Washington, DC, February 2003), web site www.eia.doe.gov/
iea/. Projections: EIA, System for the Analysis of Global
Energy Markets (2003).

projected in previous editions of this report, particularly
among the FSU countries. The region appears to be in
the midst of sustained economic recovery after the polit-
ical, social, and economic upheavals that followed the
breakup of the Soviet Union in the early 1990s. Emis-
sions are not expected to increase as quickly as energy
use because of gains in energy efficiency resulting from
the replacement of old, inefficient capital stock, and
because in many countries in the region natural gas is
expected to displace coal, particularly for new electricity
generation capacity. The region may also be able to take
advantage of its lower emissions levels should a world-
wide carbon trading system be enacted in the future.

Worldwide, carbon dioxide emissions per person are
projected to increase from about 1.1 metric tons in 1990
to 1.3 metric tons in 2025. Per capita emissions in the
industrialized countries remain much higher than those
in the rest of the world throughout the projection period,
increasing from 3.2 to 3.6 metric tons per person
between 1990 and 2010 and then to 4.2 metric tons per
person in 2025 in the IEO2003 reference case (Figure 19).

In December 2002 Canada and New Zealand ratified
the Kyoto Protocol to the United Nations Framework
Convention on Climate Change (UNFCCC) [31]. As of
February 24, 2003, 104 countries plus the European
Community had ratified the treaty. Thirty of the ratify-
ing nations are the so-called Annex | countries, which
are required to limit or reduce their greenhouse gases
relative to 1990 levels under the terms of the Protocol.2

Figure 18. World Energy-Related Carbon Dioxide
Emissions by Region, 1990-2025

Billion Metric Tons Carbon Equivalent

Ml Industrialized BEE/FSU Bl Developing
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Sources: 1990 and 2001: Energy Information Administration
(EIA), International Energy Annual 2001, DOE/EIA-0219
(2001) (Washington, DC, February 2003), web site www.
eia.doe.gov/ieal. Projections: EIA, System for the Analysis of
Global Energy Markets (2003).

2Asof February 24, 2003, the following Annex | countries had ratified, accepted, approved or acceded to the Kyoto Protocol: Austria, Bel-
gium, Bulgaria, Canada, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Lat-
via, Lithuania, Luxembourg, Netherlands, New Zealand, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, and the

United Kingdom.
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These 30 countries accounted for around 44 percent of
the total Annex | emissions in 1990. The Kyoto Protocol
enters into force 90 days after it has been ratified by at
least 55 of the parties to the UNFCCC, including a repre-
sentation of Annex | countries accounting for at least 55
percent of the total 1990 carbon dioxide emissions from
the Annex | group. Although the United States had the
largest share of Annex | emissions in 1990 at 35 percent,
even without U.S. participation the Protocol could enter
into force for other signatories. Russia has publicly
announced plans to advance ratification of the Kyoto
Protocol [32]. Because Russia accounted for 17 percent of
the 1990 Annex | carbon dioxide emissions, its ratifica-
tion would bring the Protocol into force as long as Russia
meets the Protocol’s requirements for verifying and
monitoring emissions levels.

China and India also ratified the Kyoto Protocol in
2002. Although both countries account for significant
amounts of the world’s carbon dioxide emissions, their
ratification does not affect the implementation of the
Protocol, because neither country is an Annex | member.
In 2001, China and India together accounted for 17 per-
cent of total world carbon dioxide emissions, as
compared with the 24-percent share made up by U.S.
emissions in 2001.

In the United States, the Bush Administration has intro-
duced initiatives aimed at reducing greenhouse gas
intensity as an alternative to the Kyoto Protocol. Under
the President’s Clear Skies and Global Climate Change
Initiatives, the United States will work to reduce green-
house gas intensity by 18 percent by 2012 [33]. Carbon
dioxide intensity is defined as the amount of carbon

Figure 19. Energy-Related Carbon Dioxide
Emissions per Capita by Region,
1970-2025
Metric Tons Carbon Dioxide per Person
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Sources: History: Energy Information Administration (EIA),
International Energy Annual 2001, DOE/EIA-0219(2001)
(Washington, DC, February 2003), web site www.eia.doe.gov/
iea/. Projections: EIA, System for the Analysis of Global
Energy Markets (2003).

dioxide emitted per dollar of GDP. This measurement
illustrates the relationship between emissions and the
expansion of economic activity. The Administration
argues that reducing the amount of greenhouse gases
emitted per dollar of GDP will slow the rate of increase
in emissions without sacrificing needed economic
growth.

World carbon dioxide intensity has improved (de-
creased) substantially over the past three decades, fall-
ing from 302 metric tons carbon equivalent per million
1997 dollars of GDP in 1970 to 202 metric tons per mil-
lion 1997 dollars in 2001 (Table 3). Although the pace of
improvement in emissions intensity is expected to slow
over the forecast period, it still continues to improve in
the reference case projections, dropping to 154 metric
tons per million 1997 dollars in 2025.

On aregional basis, the most rapid improvements in car-
bon dioxide intensity are expected to occur among the
transitional economies of the EE/FSU and in China and
India. In the FSU, economic recovery from the upheaval
of the 1990s is expected to continue throughout the fore-
cast. The FSU nations are also expected to replace old
and inefficient capital stock and increasingly use less
carbon-intensive natural gas for new electricity genera-
tion and other end uses rather than the more car-
bon-intensive oil and coal. Eastern European nations
have been in economic recovery longer than has the
FSU, and natural gas is expected to continue to displace
coal use in the region, resulting in an average 2.8-percent
annual improvement (decrease) in carbon intensity for
Eastern Europe as a whole.

In developing Asia, fairly rapid improvements in carbon
dioxide intensity are expected for China and India over
the projection period, primarily as a result of rapid eco-
nomic growth rather than a switch to less car-
bon-intensive fuels. Both China and India are projected
to remain heavily dependent on fossil fuels, particularly
coal, in the IEO2003 reference case, but their annual GDP
growth is projected to average 5.9 percent, compared
with an expected 3.4-percent annual rate of increase in
fossil fuel use from 2001 to 2025.

Alternative Growth Cases

A major source of uncertainty in the IEO2003 forecast is
the expected rate of future economic growth. IEO2003
includes a high economic growth case and a low
economic growth case in addition to the reference case.
The reference case projections are based on a set of
regional assumptions about economic growth paths—
measured by GDP—and energy elasticity (the relation-
ship between changes in energy consumption and
changes in GDP). The two alternative growth cases are
based on alternative assumptions about possible eco-
nomic growth paths (Figure 20).
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For the high and low economic growth cases, different
assumptions are made about the range of possible eco-
nomic growth rates among the industrial, transitional
EE/FSU, and developing economies. For the industrial-
ized countries, one percentage point is added to the ref-
erence case GDP growth rates for the high economic
growth case and one percentage point is subtracted from
the reference case GDP growth rates for the low eco-
nomic growth case. Outside the industrialized world
and excluding China and the EE/FSU, reference case
GDP growth rates are also increased and decreased by
1.0 percentage point to provide the high and low eco-
nomic growth case estimates.

Because China had particularly high, often double-digit
growth in GDP throughout much of the 1990s, it has the
potential for a larger downturn in economic growth. In
contrast, the EE/FSU region suffered a severe economic

collapse in the early part of the decade and has been try-
ing to recover from it with mixed success. The EE/FSU
nations have the potential for substantially higher eco-
nomic growth if their current political and institutional
problems moderate sufficiently to allow the recovery of
aconsiderable industrial base. As a result of these uncer-
tainties, 2.5 percentage points are subtracted from the
reference case GDP assumptions for China to form the
low economic growth case, and 1.0 percentage point is
added to the reference case to form the high economic
growth case. For the EE/FSU region, 1.0 percentage
point is subtracted from the reference case assumptions
to derive the low economic growth case, and 2.5 percent-
age points are added for the high economic growth case.

The IEO2003 reference case shows total world energy
consumption reaching 640 quadrillion Btu in 2025, with
the industrialized world projected to consume 288

Table 3. World Carbon Dioxide Intensity by Selected Countries and Regions, 1970-2025
(Metric Tons Carbon Equivalent per Million 1997 U.S. Dollars)

Average Annual
History Projections Percent Change
1970- | 2001-
Region 1970 1980 1990 2001 2005 2010 2020 2025 2001 2025
Industrialized Countries
North America
United States . . ............ 315 258 198 166 154 144 124 116 -2.0 -1.5
Canada .................. 346 297 232 209 203 190 157 146 -1.6 -15
MexiCo . ........ovvvnunn.. 183 225 253 213 212 193 169 161 +0.5 -1.1
Western Europe
United Kingdom . .. ......... 223 191 143 104 95 88 77 73 -2.4 -1.5
France ................... 146 132 79 68 61 55 49 48 -2.4 -1.4
Germany ................. 233 194 144 98 90 83 70 67 -2.8 -1.5
Italy ......... ... ... .. ..., 133 120 105 96 89 84 72 67 -1.0 -15
Netherlands . .............. 213 211 181 158 142 134 111 101 -1.0 -1.9
Industrialized Asia
Japan.................... 125 105 73 72 69 65 59 57 -1.7 -1.0
Australia/New Zealand. . . . . .. 323 216 210 199 189 180 155 148 -1.5 -1.2
EE/FSU
Former Soviet Union .. ....... 897 977 1,027 1,000 1,012 862 691 621 +0.4 -2.0
Eastern Europe . ............ 975 1,013 864 518 430 380 291 261 -2.0 -2.8
Developing Countries
Asia
China.................... 2,646 2,241 1,445 693 555 506 400 363 -4.2 -2.7
India..................... 471 538 571 480 425 386 313 285 +0.1 2.1
SouthKorea............... 255 282 215 217 185 169 147 137 -0.5 -1.9
MiddleEast .. .............. 364 410 608 610 545 520 463 442 +1.7 -1.3
Africa ... 352 380 442 373 341 303 268 254 +0.2 -1.6
Central and South America . . .. 188 168 169 175 173 161 145 137 -0.2 -1.0
TotalWorld . ................ 302 276 241 202 190 180 161 154 -1.3 -1.1

Sources: History: Derived from Energy Information Administration (EIA), International Energy Annual 2001, DOE/EIA-0219
(2001) (Washington, DC, February 2003), web site www.eia.doe.gov/iea/. Projections: EIA, System for the Analysis of Global

Energy Markets (2003).
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quadrillion Btu, the transitional EE/FSU countries 82
quadrillion Btu, and the developing world 270 quadril-
lion Btu. In the high economic growth case, total world
energy use in 2025 is projected to be 763 quadrillion Btu,
123 quadrillion Btu (or 62 million barrels of oil equiva-
lent) higher than in the reference case (Figure 21). Under
the assumptions of the low economic growth case,
worldwide energy consumption in 2025 would be 98
quadrillion Btu (or 49 million barrels of oil equivalent)
lower than in the reference case, at 542 quadrillion Btu.
Thus, there is a substantial range of 221 quadrillion Btu,
or about one-third of the total consumption projected for
2025 in the reference case, between the projections in the
high and low economic growth cases. Corresponding to
the range of the energy consumption forecasts, carbon
dioxide emissions in 2025 are projected to total 8.6 bil-
lion metric tons carbon equivalent in the low economic
growth case (1.8 billion metric tons less than the refer-
ence case projection of 10.4 billion metric tons carbon
equivalent) and 12.4 billion metric tons carbon equiva-
lent in the high economic growth case (2.0 billion metric
tons higher than the reference case projection).

Trends in Energy Intensity

Another major source of uncertainty surrounding a
long-term forecast is the relationship of energy use to
GDP over time. Economic growth and energy demand
are linked, but the strength of that link varies among
regions and their stages of economic development.
In industrialized countries, history shows the link to
be a relatively weak one, with energy demand lagging
behind economic growth. In developing countries,

Figure 20. World Gross Domestic Product
in Three Economic Growth Cases,
1970-2025
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Sources: History: Energy Information Administration (EIA),
International Energy Annual 2001, DOE/EIA-0219(2001)
(Washington, DC, February 2003), web site www.eia.doe.gov/
iea/. Projections: Global Insight, Inc., World Economic Out-
look, Vol. 1 (Lexington, MA, Third Quarter 2002); and EIA, Sys-
tem for the Analysis of Global Energy Markets (2003).

demand and economic growth have been more closely
correlated in the past, with energy demand growth tend-
ing to track the rate of economic expansion.

The historical behavior of energy intensity in the FSU is
problematic. Since World War 11, the EE/FSU economies
have had higher levels of energy intensity than either the
industrialized or the developing countries. In the FSU,
however, energy consumption grew more quickly than
GDP until 1990, when the collapse of the Soviet Union
created a situation in which both income and energy use
declined, but GDP fell more quickly and, as a result,
energy intensity increased. Over the forecast horizon,
energy intensity is expected to decline in the region as
the EE/FSU nations continue to recover from the eco-
nomic and social problems of the early 1990s. Still,
energy intensity in the EE/FSU is expected to be more
than double that in the developing world and five times
that in the industrialized world in 2025 (Figure 22).

The stage of economic development and the standard of
living of individuals in a given region strongly influence
the link between economic growth and energy demand.
Advanced economies with high living standards have a
relatively high level of energy use per capita, but they
also tend to be economies where per capita energy use is
stable or changes very slowly. In the industrialized
countries, there is a high penetration rate of modern
appliances and motorized personal transportation
equipment. To the extent that spending is directed to
energy-consuming goods, it involves more often than
not purchases of new equipment to replace old capital
stock. The new stock is often more efficient than

Figure 21. World Energy Consumption
in Three Economic Growth Cases,
1970-2025
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Sources: History: Energy Information Administration (EIA),
International Energy Annual 2001, DOE/EIA-0219(2001)
(Washington, DC, February 2003), web site www.eia.doe.gov/
iea/. Projections: EIA, System for the Analysis of Global
Energy Markets (2003).
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the equipment it replaces, resulting in a weaker link
between income and energy demand.

Changing growth patterns of energy intensity could
have dramatic impacts on energy consumption in the
projection period, particularly among the developing
countries. For instance, if energy intensities in each
of the developing countries are assumed to improve
(decline) annually by a percentage equal to the single
greatest annual improvement recorded between 1990
and 2000, energy intensity in the developing world as a
whole would fall by 74 percent between 2001 and 2025.
Historically, the average of the largest single-year
improvements in energy intensity for each of the devel-
oping nations has been 5 percent, and the single-year
improvements for individual developing countries have
ranged from 9 percent (China) to 1 percent (Brazil). If
energy intensity in each of the developing countries
improved annually over the forecast period at the high-
est historical rate of improvement recorded for each
country in a single year, their combined energy con-
sumption in 2025 would be 105 quadrillion Btu, as com-
pared with the reference case projection of 270
guadrillion Btu.

If, on the other hand, energy intensity in each of the
developing countries changed annually at the lowest
historical rate of improvement (or the highest rate of
worsening) recorded for a single year from 1990 to 2000,
energy intensity in the developing world as a whole
would increase (worsen) by 169 percent between 2001
and 2025. Historically, the average of the largest single-
year increases in energy intensity for each of the

Figure 22. World Energy Intensity by Region,

1970-2020
Thousand Btu per 1997 U.S. Dollar of GDP
60 History Projections
50 EE/FSU
40
30 7 Developing
m
20 7 \
\
10 A
Industrialized
0
1970 1980 1990 2001 2010 2025

Sources: History: Derived from Energy Information Admin-
istration (EIA), International Energy Annual 2001, DOE/EIA-
0219(2001) (Washington, DC, February 2003), web site www.
eia.doe.gov/ieal. Projections: EIA, System for the Analysis of
Global Energy Markets (2003).

developing nations (including the smallest historical
decreases in countries where energy intensity has
improved every year) has been 4 percent, ranging from
an increase of 10 percent (South Korea) to a decrease of
4 percent (China). If energy intensity in each of the
developing countries worsened (increased) annually
over the forecast period at the highest historical rate
recorded for each country in a single year (or improved
by the lowest rate recorded for each country where
energy intensity has improved every year), their com-
bined energy consumption in 2025 would be 1,078 qua-
drillion Btu—68 percent higher than the reference case
projection.

Forecast Comparisons

Three organizations provide forecasts comparable to
those in IEO2003. The International Energy Agency
(IEA) provides “business as usual” projections to the
year 2030 in its World Energy Outlook 2002. Petroleum
Economics, Ltd. (PEL) and Petroleum Industry Research
Associates (PIRA) publish world energy forecasts to the
year 2015. For this comparison, 2000 is used as the base
year for all the forecasts (because IEA does not publish
data for any other historical years), and the comparisons
extend only to 2020. Although IEA’s forecast extends to
2030, it does not publish a projection for 2025.

Regional breakouts among the forecasting groups vary,
complicating the comparisons. For example, IEO2003
includes Mexico in North America and IEA includes
Mexico in Organization for Economic Cooperation and
Development (OECD) North America, but the two other
forecasts include Mexico in Latin America. As a result,
for purposes of this comparison, Mexico has been
removed from North America in the IEO2003 projec-
tions and added to Central and South America to form a
“Latin America” country grouping that matches the
other series. PIRA includes only Japan in industrialized
Asia, whereas industrialized Asia in the IEO2003 fore-
cast comprises Japan, Australia, and New Zealand.
IEO2003 includes Turkey in the Middle East, but IEA
includes Turkey, as well as the Czech Republic, Hun-
gary, and Poland, in “OECD Europe” (which is desig-
nated as “Western Europe” for this comparison). PEL
also places Turkey in Western Europe but includes the
Czech Republic, Hungary, and Poland in Eastern
Europe, as does IEO2003. Although most of the differ-
ences involve fairly small countries, they contribute to
the variations among the forecasts.

All the forecasts provide projections out to the year 2010
(Table 4). The growth rates for energy consumption
among the reference case forecasts for the 2000-2010
time period are similar, ranging between 1.9 and 2.1 per-
cent per year. All the forecasts for total energy consump-
tion fall well within the range of variation defined by the
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IEO2003 low and high economic growth cases; in fact, all
are within a range of 0.2 percentage points around the
IEO2003 reference case.

The regions for which the largest variations are seen
among the forecasts are the Middle East and Africa, with
more moderate differences in the projections for Latin
America, developing Asia, and the EE/FSU. For both
the Middle East and Africa the projected average annual
growth rates vary by 1.4 percentage points among the
reference case forecasts. For the Middle East, IEO2003
projects the lowest growth in energy demand in the
region at 2.3 percent per year between 2000 and 2010.
PEL projects the highest average growth for the Middle
East in the 2000-2010 period, at 3.7 percent per year. The
PEL and PIRA projections exceed the upper range
defined by the IEOQ2003 high economic growth case,
demonstrating the great uncertainties among the fore-
casts about the political and economic future of this
region in the next decade. For Africa, IEO2003 also pro-
jects the slowest growth in energy use between 2000 and
2010 at 1.9 percent per year, and IEA projects the highest
growth rate at 3.3 percent per year. Both the IEA and
PEL projections are higher than the IEO2003 high eco-
nomic growth case estimate of 2.6 percent per year.

For Latin America, the projected growth rates for the
2000 to 2010 time period vary by 0.9 percentage points

among the forecasts, ranging from 2.1 percent per year
(PIRA) to 3.0 percent per year (IEA). Only the IEA fore-
cast exceeds the IEO2003 high economic growth case
estimate of 2.6 percent. Projections for the EE/FSU differ
by a range of 0.8 percentage points, varying from
1.7-percent annual growth in energy demand between
2000 and 2010 (PEL) to 2.5 percent per year (PIRA). The
IEO2003 reference case projects that energy use in the
EE/FSU will increase by 2.3 percent per year over the
period.

IEO2003, PIRA, and PEL provide forecasts for energy
use in 2015, the end of the PEL and PIRA forecast hori-
zons (Table 5), and their projections for worldwide
growth in energy consumption between 2000 and 2015
are similar, ranging from 1.9 percent per year (PEL) to
2.2 percent per year (PIRA), with IEO2003 expecting
average annual growth of 2.0 percent. Regionally, how-
ever, there are some differences in the expectations for
growth in energy demand, particularly in the industrial-
ized world. Both PIRA and PEL are much more pessi-
mistic about economic expansion in industrialized Asia.
PEL expects Japan, Australia, and New Zealand to expe-
rience almost no growth in energy use over the 2000-
2015 period (0.2 percent per year), whereas IEO2003 pro-
jects 1.2-percent annual growth. The PEL forecast falls
well below the lower bound of 0.6 percent per year
defined by the IEO2003 low economic growth case.

Table 4. Comparison of Energy Consumption Growth Rates by Region, 2000-2010

(Average Annual Percent Growth)

IEO2003

Region Low Growth | Reference |High Growth | IE02002 | IEA PIRA PEL
Industrialized Countries ... ... 0.8 11 1.6 1.0 1.1 1.0 1.0
United States and Canada. . . . . 1.1 1.3 1.7 1.2 1.1 1.0 1.2
Western Europe. . ........... 0.2 0.8 1.3 0.9 1.1 1.1 1.0
Pacific .................... 0.6 1.2 1.8 0.9 1.2 0.72 0.5
EE/FSU . ................... 1.9 2.4 3.9 1.7 1.8 2.5 1.7
Former Soviet Union .. ....... 2.2 2.6 4.2 1.7 — — 1.8
Eastern Europe . ............ 0.9 1.5 3.1 1.7 — — 1.2
Developing Countries ........ 1.7 2.7 34 2.9 3.2 3.9 3.4
Asia . ... 1.9 3.2 3.9 4.3 3.4 3.9 3.7
China.................... 2.1 3.9 4.6 5.3 3.2 4.4 4.0
Other Asia® ............... 1.7 2.5 3.3 3.5 3.6 35 35
MiddleEast ................ 1.4 2.1 3.0 3.0 2.8 3.3 3.7
Africa...........o i 1.2 1.9 2.6 25 3.3 2.6 2.7
Latin America. . ............. 1.7 2.2 2.6 2.7 3.0 2.1 2.4
TotalWorld . ................ 1.3 1.9 2.6 2.2 1.9 2.1 2.0

2Japan only.

Other Asia includes India and South Korea.

Sources: IEO2003: Energy Information Administration (EIA), System for the Analysis of Global Energy Markets (2003). IEO2002:
EIA, International Energy Outlook 2002, DOE/EIA-0484(2002) (Washington, DC, March 2002), Table A1, p. 179. IEA: International
Energy Agency, World Energy Outlook 2002 (Paris, France, September 2002), pp. 410-497. PIRA: PIRA Energy Group, Retainer
Client Seminar (New York, NY, October 2002), Tables 11-4, 11-6, and 11-7. PEL: Petroleum Economics, Ltd., Oil and Energy Out-

look to 2015 (London, United Kingdom, June 2002), Table 2i.
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IEO2003 and IEA provide energy consumption projec- forecast than in the IEO2003 reference case. IEO2003 also
tions for 2020 (Table 6). IEA projects slightly slower expects a higher growth rate in consumption for the
growth in world energy demand over the 2000-2020 EE/FSU over this time period, at 1.9 percent per year
period. In particular, expectations for demand growth in compared with the IEA forecast of 1.5 percent per year.
the United States and Canada are lower in the IEA On the other hand, IEA foresees much stronger growth

Table 5. Comparison of Energy Consumption Growth Rates by Region, 2000-2015
(Average Annual Percent Growth)

IEOC2003
Region Low Growth | Reference |High Growth | 1E02002 PIRA PEL
Industrialized Countries .. .... 0.8 1.1 1.6 1.2 1.0 0.5
United States and Canada. . . .. 1.1 1.4 1.7 15 1.1 1.1
Western Europe. .. .......... 0.2 0.7 1.3 0.9 0.9 0.8
Pacific .................... 0.6 1.2 1.8 0.9 0.7 0.2
EE/FSU .................... 1.6 2.1 35 1.8 2.5 1.7
Former Soviet Union ......... 1.8 2.3 3.6 1.8 — 1.8
Eastern Europe . ............ 1.0 1.6 34 17 — 1.2
Developing Countries ... ... .. 1.8 2.9 3.6 3.8 3.4 3.2
Asia ........... ... ... 2.0 3.3 4.0 4.2 3.8 35
China.................... 2.1 3.9 4.5 5.0 4.2 35
OtherAsia® ............... 1.9 2.7 3.6 3.4 3.6 3.4
MiddleEast ................ 1.3 2.3 3.2 3.0 3.3 3.3
Africa..................... 1.3 2.0 2.7 2.6 2.5 2.6
Latin America. .............. 1.9 2.6 3.1 3.8 2.3 2.7
TotalWorld . . ............... 1.3 1.9 2.6 2.3 2.2 1.9

@0ther Asia includes India and South Korea.

Sources: IEO2003: Energy Information Administration (EIA), System for the Analysis of Global Energy Markets (2003). IEO2002:
EIA, International Energy Outlook 2002, DOE/EIA-0484(2002) (Washington, DC, March 2002), Table Al, p. 179. PIRA: PIRA
Energy Group, Retainer Client Seminar (New York, NY, October 2002), Tables II-4, 11-6, and 1I-7. PEL: Petroleum Economics, Ltd.,
Oil and Energy Outlook to 2015 (London, United Kingdom, June 2002), Table 2i.

Table 6. Comparison of Energy Consumption Growth Rates by Region, 2000-2020
(Average Annual Percent Growth)

IEOC2003
Region Low Growth | Reference | High Growth IEOC2002 IEA
Industrialized Countries ...... 0.7 1.1 1.6 1.2 1.0
United States and Canada. . . .. 1.1 1.4 1.7 1.4 1.1
Western Europe. . ........... 0.2 0.7 1.4 0.9 0.9
Pacific ........... ... .. ... 0.6 1.1 1.7 0.9 1.0
EE/FSU .................... 1.2 1.9 3.3 1.7 15
Former Soviet Union . ........ 1.4 2.0 3.2 1.7 —
Eastern Europe . ............ 0.8 1.8 3.6 1.7 —
Developing Countries ... ... .. 1.9 29 3.7 3.7 3.1
Asia......... ... 2.0 3.2 4.0 4.0 3.1
China.................... 2.1 3.8 4.5 4.8 3.0
Other Asia® ............... 1.9 2.7 3.6 3.2 3.3
MiddleEast .. .............. 15 2.3 3.3 2.9 25
Africa..................... 1.4 2.1 2.8 2.6 3.4
Latin America. .............. 2.1 2.7 3.3 3.8 2.9
Total World . ................ 1.2 1.9 2.6 2.2 1.8

@0ther Asia includes India and South Korea.

Sources: IEO2003: Energy Information Administration (EIA), System for the Analysis of Global Energy Markets (2003). IEO2002:
EIA, International Energy Outlook 2002, DOE/EIA-0484(2002) (Washington, DC, March 2002), Table A1, p. 179. IEA: International
Energy Agency, World Energy Outlook 2002 (Paris, France, September 2002), pp. 410-497.
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in Africa’s energy consumption, projecting 3.4-percent
average annual growth between 2000 and 2020, well in
excess of the IEO2003 high economic growth case projec-
tion of 2.8 percent per year.

Finally, the projections vary not only with respect to lev-
els of total energy demand but also with respect to the
composition of primary energy inputs. All the forecasts
provide energy consumption projections by fuel in 2010
(Table 7). In terms of oil consumption, all the forecasts
expect similar growth worldwide between 2000 and
2010. Oil demand is projected to increase by between 1.5
percent per year (IEO2003) and 1.8 percent per year
(PIRA). All the forecasts expect natural gas use to grow
more rapidly than other fuels between 2000 and 2010
and nuclear power to grow more slowly than any other
fuel. The projections for growth in coal use vary among
the forecasts, from 1.4 percent per year (PEL and IEA) to
2.2 percent per year (PIRA), with IEO2003 projecting
1.6-percent average annual growth from 2000 to 2010.
Although IEA projects the slowest growth among the
forecasts for coal, it projects the highest growth rate for
renewable energy sources (2.8 percent per year), making
up for any shortfall in projected coal use.

PEL, PIRA, and IEO2003 provide world energy con-
sumption projections by fuel for 2015 (Table 8). The
three forecasts offer similar views of the future use of
natural gas, which is the fastest growing primary fuel
type for each forecast between 2000 and 2015, ranging
from 2.8 percent per year (IEO2003) to 3.3 percent per
year (PIRA). In all the forecasts, the slowest growth is
projected for nuclear power. The IEO2003 reference case
projection for growth in nuclear power consumption, at
1.1 percent per year, is higher than the two other fore-
casts (PEL, 0.3 percent per year and PIRA, 0.4 percent

per year).

IEO2003 and IEA are the only forecasts that provide pro-
jections for 2020 (Table 9). The IEA forecast shows
slower projected growth than the IEO2003 forecast for
every fuel type except renewable energy; however, the
overall trends are similar in the two forecasts, with
growth in natural gas use expected to exceed that for oil
and coal and nuclear power expected to be the slowest
growing energy source over the 2000-2020 time period.

Table 7. Comparison of World Energy Consumption Growth Rates by Fuel, 2000-2010

(Average Annual Percent Growth)

IE02003

Fuel Low Growth | Reference |High Growth| 1E02002 IEA PIRA PEL
Ol ..o, 0.8 15 23 2.2 1.7 1.8 1.6
Natural Gas . ......... 2.1 25 3.4 3.0 3.0 3.2 33
Coal................ 0.7 1.7 2.4 1.9 1.4 2.2 1.4
Nuclear ............. 1.3 1.3 15 07 1.1 05 0.9
Renewable/Other. . . . .. 2.2 2.4 2.6 2.1 2.8 15 2.2
Total .............. 1.3 1.9 26 2.2 1.9 2.1 2.0

Sources: IEO2003: Energy Information Administration (EIA), System for the Analysis of Global Energy Markets (2003). IEO2002:
EIA, International Energy Outlook 2002, DOE/EIA-0484(2002) (Washington, DC, March 2002), Table A1, p. 179. IEA: International
Energy Agency, World Energy Outlook 2002 (Paris, France, September 2002), pp. 410-497. PIRA: PIRA Energy Group, Retainer
Client Seminar (New York, NY, October 2002), Table 11-8. PEL: Petroleum Economics, Ltd., Oil and Energy Outlook to 2015

(London, United Kingdom, June 2002), Table 2i.

Table 8. Comparison of World Energy Consumption Growth Rates by Fuel, 2000-2015

(Average Annual Percent Growth)

IE02003

Fuel Low Growth | Reference | High Growth IE02002 PIRA PEL
Ol ool 0.9 1.7 2.5 2.2 1.8 1.6
NaturalGas .......... 2.2 2.8 35 3.1 3.3 3.2
Coal.. oo 0.7 1.6 2.2 1.8 2.2 1.1
Nuclear ............. 1.0 1.1 1.6 0.5 0.4 0.3
Renewable/Other. . . . .. 1.9 2.1 2.5 2.2 1.7 2.3
Total ..o 1.3 1.9 2.6 2.2 2.2 1.9

Sources: IEO2003: Energy Information Administration (EIA), System for the Analysis of Global Energy Markets (2003). IEO2002:
EIA, International Energy Outlook 2002, DOE/EIA-0484(2002) (Washington, DC, March 2002), Table Al, p. 179. PIRA: PIRA
Energy Group, Retainer Client Seminar (New York, NY, October 2002), Table 11-8. PEL: Petroleum Economics, Ltd., Oil and
Energy Outlook to 2015 (London, United Kingdom, June 2002), Table 2i.
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Table 9. Comparison of World Energy Consumption Growth Rates by Fuel, 2000-2020

(Average Annual Percent Growth)

IEO02003

Fuel Low Growth | Reference High Growth IEQ2002 IEA

Oil ...t 1.0 1.7 2.6 2.2 1.7
NaturalGas . ......... 2.3 2.8 3.5 3.1 2.7
Coal................ 0.6 1.6 2.2 1.8 14
Nuclear ............. 0.7 0.8 1.3 0.4 0.3
Renewable/Other. . .. .. 1.6 1.9 2.4 2.1 2.7
Total .............. 1.3 1.9 2.6 2.2 1.8

Sources: IEO2003: Energy Information Administration (EIA), System for the Analysis of Global Energy Markets (2003). IEO2002:
EIA, International Energy Outlook 2002, DOE/EIA-0484(2002) (Washington, DC, March 2002), Table A1, p. 179. IEA: International
Energy Agency, World Energy Outlook 2002 (Paris, France, September 2002), p. 410.

Performance of Past /EO Forecasts
for 1990, 1995, and 2000

In an effort to measure how well the IEO projections
have estimated future energy consumption trends over
the 19-year history of the series, we present a compari-
son of IEO forecasts produced for the years 1990, 1995,
and 2000. The forecasts are compared with actual data
published in EIA’s International Energy Annual 2001, as
part of EIA’s commitment to provide users of the IEO
with a set of performance measures to assess the fore-
casts produced by this agency.

The IEO has been published since 1985. In IEO85, mid-
term projections were derived only for the world’s mar-
ket economies. That is, no projections were prepared for
the centrally planned economies (CPE) of the Soviet
Union, Eastern Europe, Cambodia, China, Cuba, Laos,
Mongolia, North Korea, and Vietnam. The IEO85 projec-
tions extended to 1995 and included forecasts of energy
consumption for 1990 and 1995 and primary consump-
tion of oil, natural gas, coal, and “other fuels.” IEO85
projections were also presented for several individual
countries and subregions: the United States, Canada,
Japan, the United Kingdom, France, West Germany,
Italy, the Netherlands, other OECD Europe, other OECD
(Australia, New Zealand, and the U.S. Territories),
OPEC, and other developing countries. Beginning with
IEO86, nuclear power projections were published sepa-
rately from the “other fuel” category.

Regional aggregations have changed from report to
report. In 1990, the report coverage was expanded for
the first time from only the market economies to the
entire world. Projections for China, the FSU, and other
CPE countries were provided separately. Starting with
IEQ94, the regional presentation was changed from mar-
ket economies and CPE countries to OECD, Eurasia
(China, FSU, and Eastern Europe), and “Rest of World.”
Beginning in 1995 and essentially continuing until the
current issue, the regional presentation changed to

further group the world according to economic develop-
ment: industrialized nations (essentially the OECD
before the entry of South Korea and the Eastern Euro-
pean nations, the Czech Republic, Hungary, Poland, and
Slovakia), transitional economies of the EE/FSU, and
the developing world (including China and India).

The forecast time horizon has also changed over the
years (Table 10). In the first edition of the report, IEO85,
projections were made for 1990 and 1995. IEO86 saw the
addition of projection year 2000. In IEO91, forecasts
were no longer published for 1990, but forecasts for 2010
were added to the report. The projection horizon re-
mained the same until IEO96, when projection year 2015
was added. In 1998, the forecast was extended again, out
to 2020 and this year the IEO2003 forecast extends to
2025 for the first time.

Table 10. Years Included in IEO Projections
by Edition, 1985-2003

Edition | 1990 | 1995 | 2000 | 2005 [ 2010 | 2015 | 2020 | 2025
IEOS5 . . ..
IEOS6 . . ..
IEOS7 . . ..
IEOS89 . . ..
IEO90 . . ..
IEO9I . . ..
IEO92 . . ..
IEO93 . . ..
IEO94 . . ..
IEO95 . . ..
IEO9% . . .. X
IEO97 . . ..
IEO9S . . ..
IEO99 . . ..
IE02000 . .
IE02001 ..
IE02002 . .
IEOQ2003 . . X X X X X

Sources: Energy Information Administration, International Energy
Outlook, DOE/EIA-0484 (Washington, DC, various years).

X X X X
X X X X X X X X
X X X X X X X X X X X X X
X X X X X X X X X
X X X X X X X X X X X X X

X X X X X X X
X X X X X
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Comparisons of Forecasts for Market Economies

Projections for market economies were made in the eight
issues of the IEO that were published between 1985 and
1993 (no IEO was published in 1988). Historical data for
total regional energy consumption in 1990 show that the
IEO projections from those early years were consistently
lower than the actual data for the market economies. For
the four editions of the IEO printed between 1985 and
1989 in which 1990 projections were presented, total

Figure 23. Comparison of IEO Forecasts with 1990
Energy Consumption in Market

Economies
Actual 1990 241
IEO89 234
IEO87 228
IEO86 225
IEO85 225
(I) 5I0 1(I)O 1éO 2(I)O 2éO 300

Quadrillion Btu

Sources: Energy Information Administration, International
Energy Annual 2001, DOE/EIA-0219(2001) (Washington, DC,
February 2003), web site www.eia.doe.gov/ieal/, and Interna-
tional Energy Outlook, DOE/EIA-0484 (Washington, DC, vari-
ous years).

Figure 24. Comparison of IEO Forecasts with 1995
Energy Consumption in Market
Economies

Actual 1995 274

IEO93
IEO92
IEO91
IEO90
IEO89
IEO87
IEO86
IEO85

269
268
260
258
256
251
245
247

100 150 200 250 300 350

Quadrillion Btu

Sources: Energy Information Administration, International
Energy Annual 2001, DOE/EIA-0219(2001) (Washington, DC,
February 2003), web site www.eia.doe.gov/iea/, and Interna-
tional Energy Outlook, DOE/EIA-0484 (Washington, DC, vari-
ous years).

0 50

projected energy consumption in the market economies
ran between 3 and 7 percent below the actual amounts
published in the International Energy Annual 2000 (Figure
23).

In addition, market economy projections for 1995 in the
1985 through 1993 IEO reports (EIA did not release fore-
casts for 1995 after the 1993 report) were consistently
lower than the actual, historical 1995 data (Figure 24).
Most of the difference is attributed to those market econ-
omy countries outside the OECD. Through the years,
EIA’s economic growth assumptions for OPEC and
other market economy countries outside the OECD have
been low. The 1993 forecast was, as one might expect, the
most accurate of the forecasts for 1995, but its projection
for OPEC and the other market economy countries was
still more than 10 percent below the actual number.

Similarly to the year 1995 projections, year 2000 projec-
tions were also consistently lower than actual 2000 data
in each of the IEOs published between 1986 and 1993
(Figure 25). The consumption estimates for the market
economies increased in each edition, from 265 quadril-
lion Btu in IEO86 to 292 quadrillion Btu in IEO93. Even
as late as 1993, the IEO forecasts were underestimating
consumption of all energy sources in the market econo-
mies, by between 2 percent (oil) and 7 percent (natural
gas and nuclear power).

As noted above, in the 1994 edition of the IEO, the re-
gional aggregation “market economies” was dropped
altogether and replaced with delineation of member
countries of the OECD, Eurasia, and Rest of World
(ROW). As a result of that reorganization, it is not

Figure 25. Comparison of IEO Forecasts with 2000
Energy Consumption in Market
Economies

Actual 2000 306
IEO93 292
IEO092 290
IEO91 280
IEO90
IEO89
IEO87
IEO86

0 50

100 150 200 250 300 350

Quadrillion Btu

Sources: Energy Information Administration, International
Energy Annual 2001, DOE/EIA-0219(2001) (Washington, DC,
February 2003), web site www.eia.doe.gov/iea/, and Interna-
tional Energy Outlook, DOE/EIA-0484 (Washington, DC, vari-
ous years).

Energy Information Administration / International Energy Outlook 2003 23



possible to recreate a forecast for the CPE countries: ex-
cept for China, the FSU, and Eastern Europe, the remain-
ing CPE countries—noted above—were included in
“other ROW.”

Comparisons of Forecasts for Year 1995

IEO90 marked the first release of a worldwide energy
consumption forecast. In IEO90 through IEO93, the fore-
casts for worldwide energy demand in 1995 were
between 1 and 4 percent higher than the actual amounts
consumed (Figure 26). Much of the difference can be
explained by the unanticipated collapse of the Soviet
Union economies in the early 1990s. The IEO forecasters
could not foresee the extent to which energy consump-
tion would fall in the FSU region. In IEOQ90, total energy
consumption in the FSU was projected to reach 67 qua-
drillion Btu in 1995. The projection was reduced steadily
in the next three IEO reports, but even in IEO93 energy
demand for 1995 in the FSU region was projected to be
53 quadrillion Btu, as compared with actual 1995 energy
consumption of 43 quadrillion Btu—a difference equiva-
lent to about 5 million barrels of oil per day.

Forecasts for 1995 can also be compared in terms of their
depiction of the fuel mix. Every IEO after 1990 projected
the share of each energy source relative to total energy
consumption within 3.5 percentage points of the actual
1995 distribution. The earliest IEOs tended to be too opti-
mistic about the growth of coal use in the market econo-
mies (Figure 27) and too pessimistic about the recovery
of oil consumption after the declines in the early 1980s
that followed the price shocks caused by oil embargoes
in 1973 and 1974 and the 1979-1980 revolution in Iran
(Figure 28). The IEO85 and IEO86 reports projected that

Figure 26. Comparison of IEO Forecasts with 1995
World Energy Consumption

Actual 1995 368
IEO93 S5
IEO92 377
IEO91 374
IEO90 383
(I) 1(I)O 2(I)0 3(I)0 4(I)O 500

Quadrillion Btu

Sources: Energy Information Administration, International
Energy Annual 2001, DOE/EIA-0219(2001) (Washington, DC,
February 2003), web site www.eia.doe.gov/iea/, and Interna-
tional Energy Outlook, DOE/EIA-0484 (Washington, DC, vari-
ous years).

oil would account for only about 40 percent of total
energy consumption for the market economies in 1995,
whereas oil actually accounted for 45 percent of the total
in 1995.

The 1995 forecasts for world coal consumption that
appeared in the IEOs printed between 1990 and 1993
were consistently high, between 3 and 19 percent higher
than actual coal use (Figure 29), largely because of over-
estimates for the FSU and Eastern Europe—regions that
experienced substantial declines in coal consumption

Figure 27. Comparison of /EO Forecasts with 1995
Coal Consumption in Market Economies

2,308

Actual 1995

IEO93
IEO92
IEO91
IEO90
IEO87
IEO86
IEO85

2,320
2,270
2,287
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2,356
2,382
2,411

0 500 1,000 1,500 2,000 2,500 3,000
Million Short Tons

Sources: Energy Information Administration, International
Energy Annual 2001, DOE/EIA-0219(2001) (Washington, DC,
February 2003), web site www.eia.doe.gov/iea/, and Interna-
tional Energy Outlook, DOE/EIA-0484 (Washington, DC, vari-
ous years).

Figure 28. Comparison of /[EO Forecasts with 1995
Oil Consumption in Market Economies
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Actual 1995

IEO93
IEO92
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IEO86
IEO85
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Million Barrels per Day

Sources: Energy Information Administration, International
Energy Annual 2001, DOE/EIA-0219(2001) (Washington, DC,
February 2003), web site www.eia.doe.gov/iea/, and Interna-
tional Energy Outlook, DOE/EIA-0484 (Washington, DC, vari-
ous years).
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during the years following the collapse of the Soviet
Union. Most of the projections for the FSU by fuel were
greater than the actual consumption numbers, with the
exception of hydroelectricity and other renewable
resources (Figure 30). Natural gas use did not decline as
much as oil and coal use, because gas is a plentiful
resource in the region and was used extensively to fuel
the domestic infrastructure; however, even the IEO esti-
mates for 1995 natural gas use were 16 to 22 percent
higher than the actual use.

The IEO projections for total energy consumption in
China were below the actual 1995 consumption level
in IEO90 (by 13 percent) and IEO91 (by 8 percent) but
higher in IEO92 (by 6 percent) and about the same
in IEO93. The underestimates in the earlier IEOs bal-
anced, in part, the overestimates for the EE/FSU coun-
tries; however, even the 4- to 17-percent underestimate
of projected 1995 coal use in China could not make up
for the 30- to 54-percent overestimate of FSU coal use. In
terms of other fuels, the IEO forecasts consistently over-
estimated China’s gas consumption and underestimated
its oil consumption. Nuclear power forecasts were fairly
close for China, within 5 percent of the actual consump-
tion (Figure 31). It is noteworthy, however, that con-
sumption of natural gas and nuclear power was quite
small in 1995, so that any variation between actual his-
torical consumption and the projections resultsin alarge
percentage difference. EIA consistently underestimated
economic growth in China. As late as 1993, EIA expected
GDP in Chinato grow by about 7.3 percent per year dur-
ing the decade of the 1990s, whereas it actually grew by
10.7 percent per year between 1990 and 1995.

Figure 29. Comparison of IEO Forecasts with 1995
World Coal Consumption

Actual 1995

IEO93 5,439

IEO92 5,375

IEO91 5,592

IEO90 6,184

0 2,000 4,000 6,000 8,000
Million Short Tons
Sources: Energy Information Administration, International
Energy Annual 2001, DOE/EIA-0219(2001) (Washington, DC,
February 2003), web site www.eia.doe.gov/iea/, and Interna-

tional Energy Outlook, DOE/EIA-0484 (Washington, DC, vari-
ous years).

Comparisons of Forecasts for Year 2000

Ten editions of the IEO report contained worldwide
forecasts for the year 2000 (IEO90 through IEQ99). The
forecasts of total world energy consumption for 2000
were all above, but within 5 percent of, the actual total
(Figure 32). IEQ97 provided the highest estimate of
world energy use in 2000. This may seem surprising at
first glance, but it is also true that the economic recession
that would take hold in 1998 among the emerging econ-
omies of southeast Asia had not occurred and was not
foreseen in the IEO97 forecast. In fact, IEO97 overesti-
mated year 2000 energy use in developing Asia by 10
quadrillion Btu, or about 14 percent (Figure 33) and in
industrialized Asia by 2 quadrillion Btu (8 percent). Pro-
jections for the EE/FSU in IEO97 were also too optimis-
tic, overestimating the rate of economic recovery in the
region and as a result overestimating the growth in

Figure 30. Comparison of /[EO Forecasts with 1995
Energy Consumption in the
Former Soviet Union by Fuel Type
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Sources: Energy Information Administration, International
Energy Annual 2001, DOE/EIA-0219(2001) (Washington, DC,
February 2003), web site www.eia.doe.gov/iea/, and Interna-
tional Energy Outlook, DOE/EIA-0484 (Washington, DC, vari-
ous years).
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energy consumption by 7 quadrillion Btu (13 percent).
IEO97 did not anticipate the August 1998 devaluation of
the Russian ruble and economic recession that followed
in the FSU region. By IEO99, total EE/FSU energy
use had been adjusted downward to 52 quadrillion
Btu—just slightly lower than the region’s actual con-
sumption in 2000.

The projections for year 2000 by fuel were mixed in
terms of accuracy. For all energy sources except coal,
total world consumption forecasts fell within 12 percent
of the actual levels. As was the case with forecasts for the
years 1990 and 1995, world coal consumption projec-
tions were consistently high relative to actual consump-
tion in 2000. The world coal forecast presented in IEO90
was 30 percent higher than actual 2000 values. The fore-
casts for the CPE countries were responsible for the large
discrepancy between projected IEO90 and actual coal

Figure 31. Comparison of /EO Forecasts with 1995
Energy Consumption in China
by Fuel Type
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consumption in 2000. In fact, IEO90 projected that the
market economies would consume 2,801 million short
tons of coal in 2000, and the actual estimate for coal use
among the market economies was 2,904. However, in
the CPE countries—including the EE/FSU—IEO90 pro-
jected that coal use would climb to 3,841 million short
tons in 2000, whereas actual coal consumption was only
2,211 million short tons.

Much of the discrepancy between the IEO90 projection
and actual 2000 coal consumption can be attributed to

Figure 32. Comparison of /[EO Forecasts with 2000
World Energy Consumption
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Energy Annual 2001, DOE/EIA-0219(2001) (Washington, DC,
February 2003), web site www.eia.doe.gov/ieal, and Interna-
tional Energy Outlook, DOE/EIA-0484 (Washington, DC, vari-
ous years).

Figure 33. Comparison of IEO97 Forecasts with
2000 Energy Consumption by Region
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DC, April 1997).
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the FSU. As noted above, IEO90 did not foresee the col-
lapse of the Soviet regime in 1990 when the report pro-
jections were prepared. Indeed, coal use in the FSU in
IEO90 was expected to expand to 1,132 million short
tons in 2000, whereas in reality coal use in the FSU began
to decline precipitously after 1990, hitting a low of 391
million short tons in 1998 before edging up somewhat to
421 million short tons in 2000. The story was similar for
Eastern Europe and the other CPE countries (excluding
China), where coal use in 2000 was overestimated by 157
percent in IEO90.

The year 2000 forecasts for oil, natural gas, and hydro-
electricity and other renewable energy sources were, for
the most part, higher than actual levels. In contrast, pro-
jections for nuclear power were consistently lower than
the actual 2000 values. Interestingly, the forecasts for the
United States were largely responsible for the underesti-
mation. Even in IEO99—the latest IEO that included
projections for 2000—analysts were expecting nuclear
power to begin to decline. In IEO90 there was wide-
spread pessimism about the future of nuclear power in
the mid-term, given the aftermath of Chernobyl and the
problems associated with nuclear waste disposal. In the
political climate of the early 1990s, IEO90 could not
anticipate the life extensions and consistently improving
efficiencies that have allowed nuclear power plants to
generate more electricity and operate with shorter
downtimes for maintenance, even without expanding
their installed capacities.

The comparison of IEO projections and historical data in
the context of political and social events underscores the
importance of those events in shaping the world’s
energy markets. Such comparisons also point out how
important a model’s assumptions are to the derivation
of accurate forecasts. The political and social upheaval in
Eastern Europe and the FSU dramatically affected the
accuracy of the projections for the region. If higher eco-
nomic growth rates had been assumed for China, more
accurate forecasts for that region might have been
achieved. It isimportant for users of the IEO or any other
projection series to realize the limitations of the fore-
casts. Failing an ability to predict future volatility in
social, political, or economic events, the projections
should be used as a plausible path or trend for the future
and not as a precise prediction of future events.
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World Oil Markets

In the |EO2003 forecast, periodic production adjustments by OPEC members are not expected
to have a significant long-term impact on world oil markets. Prices are projected to rise
gradually through 2025 as the oil resource base is further devel oped.

Throughout most of 2002, crude oil prices were solidly
within the range preferred by producers in the Organi-
zation of Petroleum Exporting Countries (OPEC), $22 to
$28 per barrel for the OPEC “basket price” (see Figure 14
on page 9). OPEC producers have been demonstrating
disciplined adherence to announced cutbacks in pro-
duction. Early in 2003, a dramatic upward turn in crude
oil prices was brought about by a combination of two
factors. First, a general strike against the Chavez regime
resulted in a sudden drop in Venezuela’s oil exports.
Although other OPEC producers agreed to increase pro-
duction to make up for the lost Venezuelan output, the
obvious strain on worldwide spare capacity kept prices
high. Second, price volatility was exacerbated by fears of
war in Iraqg.

Although the labor turmoil in Venezuela appears to be
ending, world oil prices are expected to remain near $30
per barrel (for West Texas Intermediate crude oil, in
nominal dollars) throughout most of 2003, mainly be-
cause of the war in Iraq and its aftermath. Due to differ-
ences in crude oil qualities, such a price is consistent
with the lower portion of the OPEC price band. A soften-
ing of oil prices is anticipated in 2004 but is not expected
to endure if OPEC maintains its recent successes in mar-
ket management through production cutbacks. OPEC
producers might find it more challenging to firm up oil
prices over the next few years, however, given the
expected increase in non-OPEC supply. They not only
will have to demonstrate discipline within their own
ranks but also may try to convince selected non-OPEC
producers of the merits of production cutbacks. It
remains to be seen whether such a coalition of OPEC and
non-OPEC producers can demonstrate the restraint nec-
essary to influence production objectives. Despite evi-
dence that OPEC has achieved some of its price goals in
recent years, production cutback strategies have histori-
cally had mixed success.

World oil consumption rose in 2002 by about 300 thou-
sand barrels per day, scattered evenly among the indus-
trialized nations (mainly North America) and
developing nations (mainly Asia). Although the devel-
oping Asian economies are no longer in recession, their
current growth is modest by comparison with their
rapid economic expansion during the early and mid-
1990s. Latin America’s oil demand has also shown only
modest growth since 1999. In the former Soviet Union

(FSU), where oil demand grew in 2000 for the first time
in more than a decade, there were slight increases in
demand in both 2001 and 2002. In 2003, world oil
demand is expected to grow by about 1.2 million barrels
per day [1].

OPEC members have agreed to production increases
that will add whatever volumes are necessary to replace
the lost Venezuelan and Iragi output. It is anticipated
that the increases will somewhat temper any price esca-
lation, but that uncertainty about post-war Iraq will
keep the world oil price (U.S. refiner acquisition cost for
imports) higher than market fundamentals might
dictate.

OPEC'’s recent successes have been the result of tight
market conditions and disciplined participation by
OPEC members. Currently, spare production capacity
worldwide is low, and OPEC’s consensus building is
easier as a result. Non-OPEC production is expected to
show significant increases in the near future, however,
and several members of OPEC have announced plans to
expand production capacity over the next several years.
In an oil market environment with substantial spare pro-
duction capacity, it will be more difficult for OPEC to
achieve unanimity among its members.

Although non-OPEC producers have been somewhat
slow in reacting to higher oil prices, there remains signif-
icant untapped production potential worldwide, espe-
cially in deepwater areas. The lag between higher prices
and increases in drilling activity seems to have increased
in the aftermath of the low price environment of 1998
and 1999; nevertheless, non-OPEC production increased
by 700 thousand barrels per day in 2001 and by an addi-
tional 1 million barrels per day in 2002, and it is expected
to increase by an impressive 1.4 million barrels per day
in 2003. Almost one-half of the total increase in
non-OPEC production over the next 2 years is expected
to come from the FSU. The remainder of the expected
increase is evenly divided between producers in indus-
trialized nations and those in developing economies.

Incorporating the recent price turbulence into the con-
struction of an intermediate- and long-term oil market
outlook is difficult and raises the following questions:
Will prices remain in OPEC’s preferred range in
response to production cutback strategies, or will the
anticipated increase in non-OPEC production temper
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the market? Will sustained and robust economic growth
in developing countries return in the aftermath of the
severe setback to the Asian economies in 1997-1999? Will
new technology guarantee that oil supply development
will move forward even if a low world oil price environ-
ment returns?

Although oil prices rose by almost $10 per barrel over
the course of 2002 and promise to go even higher in 2003,
those developments are not indicative of the trend in
the International Energy Outlook 2003 (IEOQ2003) reference
case. In the short term, oil prices are expected to reflect
the market uneasiness brought about by the war in Iraqg.
From anticipated high levels throughout 2003, oil prices
are projected to decline significantly to $23.27 in 2005
before rising by about 0.7 percent per year to $26.57 in
2025 (all prices in 2001 dollars unless otherwise noted).
When the economic recovery in Asia is complete,
demand growth in developing countries throughout the
world is expected to be sustained at robust levels.
Worldwide oil demand is projected to reach almost 119
million barrels per day by 2025, requiring an increment
to world production capability of more than 42 million
barrels per day over current capacity. OPEC producers
are expected to be the major suppliers of increased pro-
duction, but non-OPEC supply is expected to remain
competitive, with major increments to supply coming
from offshore resources, especially in the Caspian Basin,
Russia, Latin America, and deepwater West Africa.

Over the past 25 years, oil prices have been highly vola-
tile. In the future, one can expect volatile behavior to
recur principally because of unforeseen political and
economic circumstances. It is well recognized that ten-
sions in the Middle East, for example, could give rise to
serious disruptions of normal oil production and trad-
ing patterns. On the other hand, significant excursions
from the reference price trajectory are not likely to be
sustained over long periods. High real prices deter con-
sumption and encourage the emergence of significant
competition from marginal but large sources of oil and
other energy supplies; persistently low prices have the
opposite effects.

Limits to long-term oil price escalation include substitu-
tion of other fuels (such as natural gas) for oil, marginal
sources of conventional oil that become proved reserves
(i.e., economically viable) when prices rise, and non-
conventional sources of oil that become proved reserves
at still higher prices. Advances in exploration and pro-
duction technologies are likely to bring down prices
when such additional oil resources become part of the
reserve base. The IEO2003 low and high world oil price
cases suggest that the projected trends in growth for oil
production are sustainable without severe oil price esca-
lation. There are some oil market analysts, however,
who find this viewpoint to be overly optimistic, based

on what they consider to be a significant overestimation
of both proved reserves and ultimately recoverable
resources.

Highlights of the IEO2003 projections for the world oil
market are as follows:

=The reference case oil price projection shows a dra-
matic increase from 2002 to 2003 as a result of the
Venezuelan labor strike and the war in Iraq, a brief
decline through 2005, and a modest 0.7-percent aver-
age annual increase out to 2025.

=Deepwater exploration and development initiatives
are generally expected to be sustained worldwide,
with the offshore Atlantic Basin emerging as a major
future source of oil production in both Latin America
and Africa. Technology and resource availability can
sustain large increments in oil production capability
at reference case prices. The low price environment
of 1998 and early 1999 did slow the pace of develop-
ment in some prospective areas, however, especially
the Caspian Basin region.

eEconomic development in Asia is crucial to the
long-term growth of oil markets. The projected evo-
lution of Asian oil demand in the reference case
would strengthen economic ties between Middle
East suppliers and Asian markets.

=Although OPEC'’s share of world oil supply is pro-
jected to increase significantly over the next two
decades, competitive forces are expected to remain
strong enough to forestall efforts to escalate real oil
prices significantly. Competitive forces operate
within OPEC, between OPEC and non-OPEC
sources of supply, and between oil and other sources
of energy (particularly natural gas).

=The uncertainties associated with the IEO2003 refer-
ence case projections are significant. The war in Iraq,
the international war on terrorism, uncertain eco-
nomic recovery in developing Asia and Japan, the
success of China’s economic reforms and its political
situation, the social unrest in Venezuela, Brazil’s
impact on other Latin American economies, and eco-
nomic recovery prospects for the FSU all increase the
risk of near-term political and policy discontinuities
that could lead to oil market behavior quite different
from that portrayed in the projections.

World Oil Prices

The near-term price trajectory in the IEO2003 reference
case is considerably different from that in IEO2002. Last
year’s reference case price path did not reflect the
upward price pressure in 2003 brought about by the sit-
uations in Irag and Venezuela. In the longer term, oil
prices in both the IEO2003 and IEO2002 reference cases
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are projected to rise gradually over the last two decades
of the forecast period; however, IEO2003 projects aver-
age annual increases of 0.7 percent, as compared with 0.5
percent in the IEO2002 forecast. The more robust price
growth in the IEO2003 reference case reflects the recog-
nition that OPEC has been able to adhere to a production
cutback strategy for the purpose of firming up prices.
Three possible long-term price paths are shown in
Figure 34. In the reference case, projected prices in 2001
dollars reach $26.57 in 2025. (In nominal dollars, the ref-
erence case price is expected to exceed $48 in 2025.) In
the low price case, prices are projected to reach $19.04 by
2009 and to remain at about that level out to 2025. In the
high price case, prices are projected to reach $32.95 by
2015 and to remain at about that level out to 2025. The
leveling off in the high price case results from projected
market penetration of alternative energy supplies that
could become economically viable at that price level.

In all the IEO2003 oil price cases, oil demand is expected
to rise significantly over the projection period. The pro-
jected rise in oil consumption ranges from a low of 36
million barrels per day in the high price case to a high of
48 million barrels per day in the low price case. There is
widespread agreement that resources are not a key con-
straint on world demand to 2025. Rather more important
are the political, economic, and environmental circum-
stances that could shape developments in oil supply and
demand.

Figure 34. World Oil Prices in Three Cases,
1970-2025
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